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Divided into 'two Books. ®V 


The firſt, ſhewing the Menſuration of right 
lined Triangles : The ſecond, of Spherical, with _ 


the Grounds and DemonRrations thereof, = 
Both performed by that late and excellent Invention of 


__ 
- 


Logarthms, afcer a mor2- eafie and compendious 
= manner, than hath been formerly taught. 

Whereunto is annexed(chiefly for the uſe of Seawen)A Treatiſe of the 
application thereof, in the three principal kinds of Sailing. 
With exa& Tables of the Suns Declination, newly calculated: and - 
Tables of the right Aſcenſion and Declination of ſome eminerit 
Fixed Stars,with the true times of the coming to the Meridran 
at Four of the Clock in the Morning, fitted for the 
preſent ſeaſon, and may ſerve for .many 
years without any alteration. 

Alſo other neceſſary Tables uſed in N AVIG ATION. 


By Richard Norwood, Reader of the Mathematicks. 


This Fifth Edition being diligently Corredted , in divers difficult 
Places explained ; New Tables of the Stars right Aſcenfions and _ 
| Declinations added , and the whole Work very much 
enlarged, by the Author himſelf. * 


LON' DON, Printed by . Gedbid, forGeorge Hurleck, at his ſhop- . 
under St. Magnus Church-corner, near Thames-Street. 1667. 
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To the Right Honourable, Francs, Earl 
of Bedford, Lord Ruſſel, Baron 
+ Ruſſel of Thournbangbe, Lord Lieu- 
'' *tenant' of the County of Devon, 
and City of EXETER, 
Right Honexrable , oy | | 
SA S ic hath pleaſedthe ſovereign Foun- 
tain of Light to ſhine upon the 
, World in theſe: later Times , by a 
! - more clear manifeſtation of thoſe 
|... _..: ©, - heavenly Myſteries, that concern 
Eternal life and blefledneſs.; ſo he hath alſo en- 
lighened the minds of Men with knowledge in 
humane Arts and Sciences, and diſcoyered miny 
profitable Inventions, unknown to former Ages. 
To ſpeak of all, were a Subje& deſerving of it 
ſelf a peculiar Treatiſe. ; To. ſpeak. of thoſe 
that have reference to the Mathemarticks , 
would require a Jarger Diſcourſe than becomes 
this place. Amoneſt the reft, and of the higheſt 


rank , .i5:that- admirable Invention of | Lage» = 
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The Epiſtle Dedicatory. ' 
ritbms , by the famous Fobn Nepair, late Baron 
of Marchifton : which hath been further per- 
fected by the Jabours of Mr. Henry Briggs. And 
although the maturity of this Invention was 
prevented in them both, by their ſeyeral and 
moſt happy changes, from this life to a better ; 
yet they proceeded fo far,.as to Iay,avery good 
foundation 'for ſundry concluſions Mathemati- + 
cal. Upon which foundation chiefly, I have 
grounded this preſent Treatiſe of the Dodrine 
of Plain and Spherical Triangles; annexing an 
application thereof, in the.three principal kinds 
of Sailing. And howſoever (being rudely com- 
poſed) it may ſeem unworthy the proteCtion of 
ong,ſo eminent in place, and of ' uch -ripeneſs 
and judgment in all.kind of yo” 19 *Yet | 
am bold to preſent it to your Lordſhip, in: con- 
fidence'of your favourable acceptance; accord- 
ing to that noble reſpect you are accuſtomed to 
manifeſt towards all good endeavours. The - 
. moſt High God, and Lord of all things, increaſe 
and continue unto your Lordſhip, all his bleſ- 
- fings, Temporal and Eternal. | 


Tour Honours moſt devoted, 


Richard Norwood. 
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SAITGEHSECSSS SHED 
_ TO. THE.READER, | 


wag Ow neceſſary, and of what excellent uſe the Dofirine 
1 > of. Triangles #5, in Alt;onomy, Geography , Navi- 
bs BA \ oation, Fortification ; and. other. parts of Archite- 
V cure, iz all thekinds of  PeripeRive ,, 1n Dialling, 
RJ - Cen?) WS: 4rid 3n the prathice of -other parts of the Mithema« 
MY VE Pe ticks; 5 ſo rmch the better kyown unto every Many, 
by how much wn been mere exerciſed in theſe Arts, For which 
cauſe there hath b&n for many former Ages, nmch t1me and diligence 
beſtowed by moſt induſt3ious and learned Men, to reduce it to as great 
perfeition *as' they conld 5 and much hath been done tothis purpoſe of 
late years. | Fut all that hath been done theſe many hundred years, 1s 
wot comparable to that which hath beex effe&ed in our Times , by the 
Honourable Lord John Nepair Baron of Marchifton ; who, by an 1n- 
vention of . Logaruthms , takes. away thoſy difficulties that were iu the 
praftice thereof. * Which Invextion' hath been illsſtrated , and much 
perfefted, by the labowrs of Mr. Henry Briggs. Nether #s Mr.Edward 
Wrieht” tbe forgotten , though his Endeavonrs were ſooneſt prevented, 
And theſe "were the firft i hnt communicated: their  labours on this 
Subjett to the World ; being Men, as of ſingular Piety and Integrity 
of Life, ſo of that ec para iges > , 4s. few 
Ages afford the like. Of / the conſtruttion and diverſe application of Lo- 
exrithms, Mr. Briggs hath written a Book, called | Arithmetica Loga- 
rithmica, eAndfince again, began another excellent work. of like na- 
ture, entituled, Trigonometria Britannica, 7 have only ſeen (in the 
hands of a Friend of - his ) a printed Copy of ſo much as he had dene, 
namely, the T ables, and ſome part of . the Treatiſe , touching the con- 
fruttion of thoſe T ables : but whileſt be was un hand al the reſt,” 
he departed this life. Wheref ore having my ſelf. ſome years paſt. ( but 
ſpecially this laſt Winter ) beſtowed more » {4 ordinary pains In con- 
v- altpwuk d Y P 
forming the Dodtrine of Triangles, to the nature of -Logarithms row 
in uſe; and yet ſo, as the Rules might likewiſe be applied to natural 
Sines, Tangents 4d Secants, and alſo to inſtrumental Operations : and 
gmnſfidering the preſent want of direlitons, and of ordinary Tables in 


& 


| TO THE READER. | 
'thic kind, 1 have theafht good to publifh theſe. If avy man think;t 
be a hinderance utes bs at the charge to print 
that which CMr Briggs hath begun to write upon this Subjett, he may 
be pleaſed to take notice , That bet we both handle the ſame thing, 
yer it 5 in ſuch a different manner , that there u ſcarce any one Pro- 
Poſition handled by us both ; beſides, bis in Latin, mine im Engliſh - 
So that thingh hu mere finiſhed , according to his intent and methed, 
the one would little or nothing prejndice the other. I rather hope, as 
the caſe now ſtands , that thu will further the ſale of hs ; Fr der 
:: »@the Ryles here delivered, may very apt 4 be applied to bu T ables, 
and almoſt to any other, And they are ſuch ( >, pecially for Spherical 
Triangles) as 1 doubt not will be found more tafie for memory, and 
more ready for prattice , than thoſe that have been formerly fed. If 
in ſome things you find noe too brief , or atherwiſe faulty, 1 hope you 
will pardon it ; ſo much the rather, becauſe all this Summer, whileſt 
'this Wark, was printing, 1 was al ſent upon neceſsary occaſions, above au 
_ - Hundred miles, Aud to make ſome part of amends, I ſhall (God wil. 
ling) be ready to give further ſattsfattion herein, by word of mouth , 
'or otherwiſe, to thoſe that deſire it. As tonching others that are bent 
'to Detratlion, and will be glad to ſnatch at every occaſion for that 
parpoſe ; 1 conld wiſh them of a better mind, and to remember, T hat it 
i much eaſier to find faults in another Mans Work, than without the 
light thereof to make the like. I havt detratted no Man, but have 
freely attributed to thens whoſe Works I have uſed, that which ts due 

"unto them; deſiring ſo to be dealt withal, as I deal by others, It 
: heply be expefted,, that I ſhould have ſhewed the application of the 
Doctrine of Triangles, in the Mathematical Arts before mention- 
.ed, 8c. But other neceſſary occaſions withdrawing me , 1 had rather 
leave that untouched, than by making an umperfett application ix 
every of thems, heap together many titles, with little or no profit to the 
. - Reader, Yet [ have been perſwaded to annex herennto certain Pro- 
 blems, touching the three priacipal kinds of Sajling. Which, with the 

*r2/f, 1 commend to your friendly acceptance, Fareneh, 


'Tomer-hill, An, 1631, 
Novemb, 1. 
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PLAIN TRIANGLES. 
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CHAP. TI | 
Of the Lines uſed in meaſuring Plain and Spherical Triangles. 


E will a oy upon the definitions and firſt 
principles of Geometry, being largely hand-- 
ledby many,and odio pw-cu5 = renaaf 

ly converſant in theMathematicks is acquain- 
ted ; but come to thoſe things which more. 

+ immediately concern the ine.of Trian- 

gles : which conſidereth in every Triavgle (ax. 

things, namely, the three fides, and the three- 

+  _ angles; and teacheth the analogy and pro- 
portionility of theſe fix, in ſuch ſort, that any three of them being- 
known , the other thres may by the ruſe of proportion be difco= 

vered : But ſeeing the fides of a Spherical Triangſe are arches of 2 

Circle, and the angles both of plain and Spherical Triangles are mea- 

ſured by arches-of a Circle, therefore the proportions of all theſe parts 

one: 


— 


2 Trigonometrie. 


one to another cannot be declared, unleſs theſe arches be after a ſort 
reduced to 1igh: lines ; becauſe the proportions of arches one to an- 
ether, and of an arch to a right line, is not to this day found our. 

Theſe arches of a Circle are after a ſort reduced to right lines , by 
defining the quantity which the right lines to them applied have , in 
reipe& of Radius,or the Semidiameter of the Circle. Anc itis to be 
underſtood, that every archof a Circle is meaſured by degrees, mi- 
nutes, ſeconds, thirds, &c. 'a degfee being ſucha part of a Circle as 
the whole circumference, whether great or littl-,contains 360, A de- 
oree is meaſured by mintftes, and every degree is ſuppoſed to contain 
GO Minutes. In like ſort, every minute contains 60 ſ2conds,and eve- 
ry ſecond 60 thirds, &c. 0 | 

And although the meaſure of every arch cannot be exaRly expreſ- 
ſed by theſe parts, yet may it be ſo neatly exprefſ:d, chat all ſenſible 
Error in erdinary uſe and application ſhall be avoided , which is 
eſtcemed ſufficient; 


I. The right lines applied to a Circle are (hords, Sizes , 
Tangems , and Secants. C_—_ 
=” '2., A Chord ts a right line 
s . drawnina Circle, from one part 
WP - of the circumference to another. 
Thus C F is-the Chord of. the 
arches CEF,and CKF,ali'o BH 
the diamneter,is theChord of the 


3-The right Sine of an arch, 


ach. As CG being half the 
Chord, CF is the right Sine of 
'the arch*CE, alſo of the arch 
CBK: whicharch CE 1s the 
half of C BE. 
. Whence firſt itis manifeſt, that the right Sine of an arch leſs than a 
Quadrant,is alſo the right Sine of an arch as much greater than a Qua- 
drant: foras the arch C E- 1s leſs than a Quadrant by the arch B C, 


= 


ane to them both. 
| Nc) 


E ſemicircles BEH, and BKH. - 
8% half the Chordof twice that 


10 the arch C K doth as much exceed a Quadrant, C G being the right 


* Ore 7 
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The Firſt Book, 3 

So that properly the fine complement of an archis the (ine of the 

complement of a leſſer arch unto a quadrant, As the complement of 
the leſſer arch C E, unto a quadrant, is the arch C B, the fine whereof 
is C L, wherefore C L is properly ſaid to be the fine of the comple. 
ment of the arch CE. ; : 

Secondly, that the right fine of any arch, is a line falling from one 
end of that arch perpendicularly upon the diamiter drawn to the 0. 
ther end of that arch. Ae CG, isperpendicular to K E. 

Thirdly, that the right fine of the complement of an arch, is equal 
to that part of the diameter, which lieth between the right line of 
that arch and the center. As C L, the ſine of the complemeat of C E, 
is equal toAG, þ ; 

4. The verſed fine of an arch, is that part of the Diameter which 
lieth between the right ſine of that arch, and the circumference. Thus 
GE is the verſed ane of the archCE: and G K the verſed fine of 
the arch C BK. | 

5. If wntoone endof an arch there be drawn a diameter, and to the 
other end a right line from the center cutting the cirelt ;* and if / roms 
the end of the diameter be raiſed a perpendicular till jt concur with the 
line cutting the circle, that perpendicular ts the tangent of that arch, 
As DE is the tangent of the arch CE. | | 

6. The foreſaidright line cutting the circle, is the ſecant of that 
arch.” Thus AD is the ran 3 e arch fie” broke Aaforicls 

7. Now to define or expreſs in zuut@lers $br quantity: eſe right © 
lines have in ire of = ſemidiameter of eels, Goks conſtructs» 
ons of the tables of natural ues, tangents and ſecants, 

Taus ſuppoſing the ſemidiameter of the circle AE to be 1 6000c0 
parts, and the arch C E to be 30 degrees, the tight fine. of that arch 
CG will be 500000 parts, the tansent ED 577350 parts, and the 
fecant AD 1154703 ſuch parts. The quantities of verſed fines, 
 andofthe chords of arches, are not uſually expreſſed in the Tables, 

becauſe they are eafily found by-the right fines : As the verſed fine of 
thearch CE, namely, GE, is found by ſubſtracting'the fine. com- 
plement of C E, namely A G;, front the (emidiameter AE : afſo the 
verſed fine of the arch K BC, is found by adding the ſame A G, to 
the ſemidiameter AK, Alſo the chord ofthe arch CEF,namely CF, 
is found dy doubling the fine of half that arch,namely, by coulng 

'B | - 
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your & {phet 


of the ature and affections of Logarithyns. LEN «bn 
 Ogarithas are unmbers, fo Stted to. proportional numbers, that 
rhemſelvss retain equal diſſerences, . | 


Y . __ _Aslet there be a rank of numbers how many ſoever in 
pptinsk ee ©... * ** ,. continual proportion,namely,7x.2 


E | "7D 4.$..16. 32. 64, 128. 256. and 
vropers|-Og 0g 


ON! tet there'be as many other mum- 

: = on Kot” betsin any progreſſion arithmeti- 

- 4L-- > - cal, a$ 3.5.-7.9.11.13.15.17.19., 

: "51- © _ 6|then foraſmuch as theſe later are 

pi, ; ONS, Þ S874 FR eq Siffetent-({sr every one <E- 

| 8 P: 1 AT «5+ = $ ffom his nextby 2) therefore 
x6 - II} © ©" |thepare logatithihs to the former , 
SS]: 1 231-11 7 Each: to his- correſpondent. As 3 

64 15] ?*|being the Logarithm of 1, and 5 

7 1228}. 7-17} PTof 2:7 isthe Looarithm of 4,and 
2 256 : 44.78 29) [3Þg 668: andthe" like is to be un- 


Te SW YO! 1 decfioddof theo the teſt, 
e So likewiſe'0:T.,2.3.4:5.6.7.8.' are Logarithms to the ſame 'num- 
. bets, and ſo are ©. 3,6.9.12,15,18/21,24. And ſo _— 

p. * v4 © rs 


The Firſt Book. = 
thers might be found, obſerving that where numbers are in like pro- 
portion, the differences of their logarithms muſt be equal. 

And as any of theſe three rows may be logarithms to the firſt, o 
they may be logarith, to any other numbers in continual proportion, 

2 If of our numbers, the firſt exceed the ſccond 'as much as the 
third exceeds the fourth : then the ſunmet of the firſt and fourth us 
equal to the ſumme of the ſecond and third, and the contravy. 
As 8; 5,6, 3, here 8 exceeds 5, as much a$ 6 exceeds 3, therefore 
the ſum of the firſt and fourth, namely, of 8 and 3 is-equal to the 
ſum of the ſecond and third,namely, of 5 and 6.And ſo 9,18,15,2 4s 
no the ſum of the extreams is 33» and ſo of the two middle ones. 
Bachetires in Diophantum. ; 

'3 If four SR be proportional, the Logarithm of the firſt ſub- 
ſtracted from the ſum of the LO of the ſecond and third, 
leaves the Logarithms of the fourth. | 

As if the proportionbe. As 256 to 32 : ſo 64 to a fourth num- 
= : here adding 5 and 6 the OR of the ſecond and third, 
the ſumme is 11, from which ayſolure | 
ſubraRing 8, the logarithm of numbers. Logarith. 
the firſt, the remainder is 3. the 256 © Y 


logarithm of the fourth proporti- 32 Bp. © 
onal 8. 64 2 
For ſeeing (by ſuppoſition ) Iz 
1 8 


the firſt number. 1s-in proporti- | : JANET 
on to the ſecond, as the third is to the fourth, therefore ( by the 
firſt definition of this ſecond chapter ) the logarithms of the fart 
and ſecond differ as much as the logarithms of the third and. fourth, 
therefore (by the ſecond propoſition) the ſumme of the logarithms of 
the firſt and fourth, is equal: to the ſum of the logariakhms of. the 
ſecond and third ; therefore if from the ſumme of the logarithms. of 
the ſecond and third, be taken the logarithm of the firſt, there ce 
mains the logarithm of the fourth. wth io now ata 
Corollary. Hence it # evident, that if four numbers be. properti- © 
onal, the ſum of the Legarithms # the firſt and fourth. is equal ta 
the ſum of the Logarithms >| the ſecond andthird. And i - ſuns 
of the Logarithms 7 the fir ft and fowrth, be equal to the ſum of the 
Logarithms of the ſecond and third, then is the firſt in propertjan tothe 
ſecond, as the third i to the fourth. 
B 2 | Let 


| - . "'Trigonometric, 
Let the proportion be | ; 
As 256 $8 Here the ſummeof the Logarichms of the 
to 230, ,..-.45 ficſt and fourth,namely,8-+3 that is 12, is e- 

ſo 680-7 * Ys qualtothe ſum of the Logarithms of the ſe- 
to cond and third, namely, of 5-+6 that is 11, 

4. If in flead of ſubſtrafting the foreſaid Logarithms of the firſt 
we add his complement arthmenical to any number : the total aba- 
ting nmber, ts as much as the remainer would have been. 

The complement arichmetical of one number to anothzr ( as here 
we take it) 1s that, which makes that firſt number equal to the 0- 
ther; thus the complement arithmetical of 8 to 10 is 2, becauſe 8 
and 2 are 10. And to the complement arithmetical of 9, 76144 to 
20,00000 Is 10,2 3856,becaule ro,23856,and 9,76144 added to- 
gether, are 20,00000. RE 

Now then whereas (in the example of the third propofition before 
going) ſubltraRing 8 from 11, there remained 3 ; if in ſtead of ſub- 
tr \8, we add his complement arithmetical to 10, which is 2, 
tho total is 73, from which abating 10, there remains 3 as before, 
_ and the like is to be underſtood of any other. 

The reafon is manifeſt, for whereas we ſhould have abated 8 our of 


| Add of this kind are the Tables ta this Book annexed, which Want- 


— - = - 


Oo: 
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| The Firſt Book, 
ing leaſure to calculate my ſelf, I conferred together ſuch as were 
formerly extant, and out of them have drawn theſe. It is true, that 
the firſt of theſe differs in form from all others, but 1 have ordered 
it thus, efteeming it moſt convenient and ready for ordinary uſe. The 
later ſheweth the Logarithms of abſolute numbers from 1 10 1 0600, 
and may be uſed fer numbers far greater ; the firf# ſheweth the 

Logarithms of the Sines and Tangents of every degree and minut 
of the Quadrant, and alſo the complements Arithmetical of the 
Logarithn of every Sine, which may ſerve as a Table of Secants. 
Which Logarithms of abſolute numbers, Sines and Tangents, we 
may call Logarithmetical numbers, Sinzs and Tangents, or ( with 
their firſt Inventour) Artificial Sines and Tangents, as being uſed 
for, andin ſtead of the natural. And thus if -you enter the /ater of 
theſe Tables with any abſolute number, you find againſt it his Lo- 
oarithm, if you enter the fir ff with any number of degrees and mi- 
nutes, you find againlt it his artificial Sine and Tangent,cach under his 
proper title. As entring the Table with ati atch of 3o degrees,00 mi- 
nutes, I find the artificial ſine thereto anſwertng ts be 9, 6989700, 
and the tangent 9,:7614394, Which are the Logarithms of the na- 
tural fine 500000, andof the natural tangent, 577350. And con- 
—_— 2 Logarithm being given, you may find the arch thereto 

anſwering, | | | 
Of artificial ſecants we make little uſe, but if you deſire the arti- 
ficial ſecant of an arch, ſubltra& the artificial fine of the complem nt 
of that arch from twice radius, or 20, 009000, the -remainer is 
the ſecanr required, Asif Ideſire the ſecant of 22 des; 37: I find 
the line of his complement to be 9,965 2480, which ſubFiraRed from 
20, 0000000, there remains 10, 0347 520,the ſecant of 22 deg.37: 
the reaſon whereof is evident by the Corollary of the firſt Theoreme 
of Variety hereafter following, Chap. 4. in fiead of theſe fecants 
we have {et in the two laſt columns of the ſecond Table the comple- 
ments arithmetical of the fines, to every of which if you add radius 
or 10,0000000, they become ſecants : theſe bein? more neceſlary 
thn the ſecants, and by which the ſecant of everyarch is moſt readi- 
Iy found.; for if the fine of an arch be in the firt column, his ſe- 
Cant 1s in the laſt, (adding as aforeſaid radius): if the fine-betn the 
ſecond, the ſecant is in the laft but one, As if 1 wonld have theſecant 
: | | of 


8 | Trigonometrie, 
of 22 deg. 37' ,the fine thereof is in the firſt column, therefore I look 
for the ſecants in the laſt, where I find 03475 20, to which adding 
10,0000000 0r 10, it is 10,0347 520, the iecant of 22 deg. 37', 

| 5 Of the Charatter of Logarithms. | 

The CharaQzr or CharaRerical note of every Logarithm in theſe 
tables, is the firlt figure or figures towards the left hand, diflinguiſh- 
64 from the reft by a Comma: and it ſheweth of how many places 
above the place of unites, the abſolute number to that logarithm be- 
longing doth confilt, And thus the charaRer of the logarithms of 
every number leſs than ro is o, but the charaRer of the logarithm 
of 101s 1, and ſo of all other numbers to 100 + but tha charaRer of 
the logarithm of 1001s 2, and ſo of tae reſt to 10co, and the cha- 
racer of the log:rithm.of 1000 is 3, an (o of the re(t ro 1 0000 ; and 
ſo forward. Wherefore, by the charaQter of a logarithm you-may 
know of how many places the abſolute number anſwering to that lo- 
oarithm doth confilt, 

6. To find readily the complement arithmetical of a logarithms. 

The complement arithmetical of a logarithm (as it is moſt uſually 
taken) is4he refidue of that logarithm unto 10, 000000. As the 
complement arithmetical of 7, 1079054 is that which makes ir 
up 10, 0000000: If therefore 7, 197995 4 be ſubſicaſted from 
10, 00co000o the remainer is his complement arithmetical. 

* But to ſubſtra& it readily, I begin (contrary to the ordivary courſe) 
with the firſt fieure toward the left hand, and write the complement 
or reſidue thereof unto 9 , and ſo I. do with the reſt, till I come to the 
laſt figure towards the right hand, and therefore I ſet down the reſi- 
dueunto-10. Thus for the Complement arithmetical of 7, 107905 4 
I write, for 7 his refidue unto 9, which 1s 2;for 1, 8; for o, 9; for 7, 2; 
for 9,0 ; for 0,9; for 5,4; and for 4,6 : and ſo I have this number 
2, 8920946, which is the complement arithmetical of 7, x 079054 
unto Io, OOOOgGOD. | 
. Soif I defire the complement arithmerical of 9,.9652480, unto 
20, ©020000:; I write for 9, © : for 9 again © ; for 6,3 ;for 5, 4; for 
2, 7: for 4, 5 ; for 8, 2 ; and the cypher: and ſo I have o, 0347520; 
and before all putting an unite it is 120, 0347520, the complement 
aithmetical required, | Tue 491-3 
. The complements arithmetical of the artificial fines are exprefled 

in 
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in the tables; and the complements arithmetical of the tangents are 
the tangents of their complements: as we ſhall further ſhew here- 
after. 

7. To find the Logarithme of a number that hath a frattion ax- 
nexed, as alſo of a proper frattion.. x 

Reduce your mimber that hath a-fration annexed into an impro- 
per fraQion, and ſubſtra& the logarithm- of the denominator from 
the logarithm of the numerator, the remainer is the logarit'm of , 
thz whole number and fra&ion propoſed. ASIF 1 cefire the logarithm 
of 135, Ireduce it into an impro- ; 4 
per fraction making it 2? and find. Nyxmerator - 40. 1, 6020600 
ing the logarithm of 4o to be Denominator 3.0, 4771212 
I, 6020509,and the logarithm of 3 , " 131.1, 1249388 
to be 0, 4771212, I ſubfr:Q the later | ; 
fcom the former, the semainer is r, 12493 $8,which is the logarithm 
of 1 3z, required, | 
' Thereaſonis, for that every fraQion ( whether proper or impro- 
per) fignifies ſome part or parts of anunire, the' denominator ſhew- 
ing into how many parts the unite'is divided, and the numerator 
ſhewing how many of thoſe parts are by that fraction Hignihied : 
Wherefore, as the denominator is in proportion ro the numerator, 
fois 1 tothe value of that fration; therefore (by the cory. of 7 prop: 
chap. 2.) the ſumime of the fosarithms-of the denominator and of 
the fraRtion, is equal to the ſurhme of the-logarithms of the | nume- 
rator and of 1 ; but the logarithm of 1 being o, the legarithm of the 
numerator alone, is equal ts the ſumme of the logarithms of the 
denominator and of the fraRion. Thergfore if from the logarithm 
of the-mumerator be. ſubRraRed the logarithm of the'denominator, 
the remainer is the logarithm of the fration. Thus in the foregoing 


examples, 
Logarithms, 
As the Denominator 3. 044771212 
to the Numerator - 40, 1,6020600 
' $6 is * . ''T, - | 0,0000000 
4 09,5 PEP: oft -.. 1.7 2,12403V9 D 
Ang for the ſame reaſon we a in Fe amer find the fog 
rithm of a proper fraion, Where itis to be notgd, that feeing' the 
logarithm of the unite 1, is 0, and every proper fraftion is fels than 
"ul, an 
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"© - an unite; therefore the Logarithm of every proper fraRion is leſs 
4 than o.. Agif we defice the logarithm of this proper fraRion; ; L 
find the logarithm of its numerator 2 to be . 
©, 3010300,and of its denominator 3 to be 2, 0, 3010300 
0,4771243,and ſubtracting the later from J. 0,4771213 
the former,there remains---0;1760913,for 2, 06,1760913 
the logarithm of 3 that 1s o, 176091 3, leſs : WM 
than o': which though it may ſeem ſtrange to ſome, yet being a thing 
well undec(tood by the $kilful in, Arithmetick, and of no great uſe 
hece, I paſs it over without further explanation. 
| 8. To correlt any number faund in theſe Tables, by the 

part proportional. 

I put theſe things here at the beginning as the fitteſt place for them, 
not that I eſteem ic neceſſary for young beginners to have them all 
perfeRly before they-paſs any further; for, for ordinary occaſions 
th2 numbers in the Tables may (for the moſt part) ſatisghe withour 
correQion by the part proportional ; eſpecially if in plain triangles 
you reduce the meaſures of the fides into their ſmalleſt parts: as if a 
fide be given in paces, you may reduce it into feet or inches,(keeping 
within the compaſs of the Table: ) if ip poles, you may reduce it in- 
to yards or feet ; if in miles, you may reduce it into furlongs, poles 
or paces. Or, which is moſt eafie and ready, you may teduce all-mea- 
ſures into decimal parts, as into tenths and hundredth parts, putting 
behind the number given a cypher or two, As if a fide of a plain tri- 
argle be 57 leagues, if we put a cypher behind, it will be 570 renths 
of a league : if two.cyphers, it will be 5700 centeſmes or hundredths 
of a league ; and ſo for ariy other meaſures. And the queſtion being 
wrought, the anſwer will come forth in the like patts, which are caſi- 
ly reduced again into integers with their parts, 

As ſuppole the fide of a plain triangle given be 57 leagues, and we 
delire to find one of the other ſides to the hundredth part of a league : 
I put behind it two. cyphers, and ſo it becomes 5700, and working as 
you ſhall hereafter be dire&ed, admit there come forth for the (ide re- 
quired 3475, then ſay, that the fide required is 3.475 centeſmes or 
hundredth part of a league, ;that is $3 4%-leagues, or 34 leagues and 
75 centeimes of a league. | : PELy 
.- JE there bea fration annexed to your number given. As if you 
' would reduce 575 leagues to centeſnes, I put behind 57-two pies 

7 | aak 
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(that is, I multiply it by x00) and ſo it becomes 5700 : alſo*I put 
behind the numerator of the Fraction,namely,behind z,rwo Cyphers, 
and ſo it becomes 100, which divided by the denominator 3, the quo- 
tient is 33 (omitting the FraRion) which added to 5700, the ſum is 
5733: And ſo muchis 574 leagues in centeſmes of a league. If you 
would have it only in tenths, you put behind the whole pumber:, and 
likewiſe behind the numerator of the Fration, only onE Cypher , and 
in all things elie do as before : which being eaſfie and: common, I for- 
bear to be large therein, : 

But when more exactnels is required, y ou may attain to it by the 
part proportional, after the form of theſe Examples following. 

Example 1. | ; 

Let there be required the ablolute number anſwering to this Loga- 
rithm 1, 9369826. Looking for this Logarithm in the Chiliads, I 
find not the ſame, but the nzareft leſs than it 18, 1, 9344984, againſt 
which I find 86, which you may correct by the part proportional,thus, 
] change the CharaRter -given, making it- to be/'3, and ſo. it be- 
comes 3, 9359826 : for this 1look in the Chiliads, but not finding 
the ſame, I find the nearelt leſs than itto be 3, 936965 9, and againlt 
it this abſolute number 8649; whence it appears, that the number 
anſwering to the Logarithm propoſed, 1s 86?2;, and ſomething 
more. | 

But 1Ff. you deſire tore exaRneſs, as to'corteR it two places fur- 
ther : ſubſtrat 3, 9369659, the neareſt - | | 
lefler Logarithm,from 3, 9370161,the 3.93 698262 differ. 167 
neareſt greater , noting the difference 3.9369659 
which is here 502 : Alſo ſubſtrat the 3.9370161% differ, 502 
leſſer 3,936965 9,out of the Logarithm 
given 3, 9369826, noting the difference which is here 167, Then 
ſay by the Rule of proportion, , 

As the greater difference 502, is to the lef{cr 176 : 

Sois TIooto 33 (and ſomewhat more, which we omit) which put 
behind 8649 towards the right hand , ſhews the number cequired to 
be 86122-, andſo it is vertified to.6 places. 

| Example 2. 9 
. _ Letthere be required the abſolute number anſwering to this Loga- 
rithm 5,9369826. 
Becauſe the Character or CharaReriſt is bere 5 , therefore the 
= abſolute 


ww. Trig0nomettie. 
” Iiblite number? ing cothis Logatithm, muſt confift of . fix pla- 
” ces: whereasthbeabſolute numbers in theſe Ch:/rads, conſiſt but of 
3 four places ; therefore changing the CharaRer to 3 , 1 look for 3, 
9369826, and find the neareft in the Table leſs than it to be 
| 2.12 2 35 936965g, differing from it 167, and 
. 3, 9369826'} differ. 167 againſt it I find the abſolute number 
.  3,9369639-!*' © ' 8649, Which TI note ; and the nearelt 
3, 937016T © differ. 502 greater than the Logarithm given is 
3, 9370161,difftering trom his next be- 

fore found 502 ; therefore, I tay, by the Rule of proportion, 

As the greater difference 502, is to the lefler 167 : 

Sois 100 to 33. which put behind 8649 towards the right hand, 
ſhews the number anſwering to the Logarithm given to be 86493 3:* 
and ſo may you find any number not exceeding fix places, anſwering 
t@any Logarithm propoſed, 

If ineither of theſe Examples you deſire it but to five places, then 
for the third Number in the Rule of proportion ( which ts here 100 ) 
put 10, and ſo the Quotient will come out in ene Figure, which pur 
towards the right hand as before, 

; Example 3. 

Let it be require to find the Logarithm anſwering to this abſolute 
Number 264933. 

I find in the Chiliads the Logarithm of the firft four Figures 
$649, to be 3, 935965 9, and becauſe the Number given conhitis of 
6 places, the CharaRteriſt mult be 5, therefore 5, 9369559, is the 
Logarithm of 864990. But to find the part proportional to be ad- 
ded to this Logarithm for the 33 remaining: I ſubſtratt the Loga- 
rithm of 8649, from the Logarithm 8650, and find the difference to 
be 502 : therefore, lay, by the Rule of proportion, 

AS 100 1S in proportiento 33 : 

So is the difference 502, to 166 fere. 

Which 166 added to 5, 9369659. the ſum 1s 5,9369825 , the 
Logarithm of the abſolute Number 85493 3 required: if the abſo- 
lute Number confift but of 5 places; then for thz firlt Number in 
the Rule of proportion ( which here is 100) Put 10) and preceed 
as defore, ; | 
.  Andalthough in theſe three Examples, we have verified but to the 
fath place of the abſolute Number ; yet might we by theſe Tables 
haters | proceed 
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proceed to tne ſeventh place, ſeldom erring one whole Unite z the 
operation is after th2 ſame manner, ſave only infiead of 10s uſed in 
the Rule ef proportion, we'pur 1000, | : 

And thus much touching the part proportional in the uſe of the firſt 
Table of Chiliads. Now. for the ſecond Table of Artificial Sines 
and Tangents, | 

Example 4. ; | 

Let there be required the arch aniwering to this Artificial Tangent 
9, 6197888, 

Looking in the Column of Tangents, I find not exaftly the ſame, 
but the neareſt leſs than it is 9, 6197205, being the Tangent of 22 
deg. 37: therefore the arch required, is 22 deg. 37', and ſome part of 
a minute more. Now if you deſire to know what pare of a minute , 
namely, how many ſeconds it is more, we may findit thus, I find the 
next greater than the Tangent given to be | 
9,6200762, from which ſublirating 9,61 97 $887 differ. 683 
the next lefſer,namely, 9,6197205, the - 9,6197205 
difference is 3 5 57, allo ſubRraRting this 9,6200762 differ.3557 
leaſt from theTangent given 9,6197888 | 
the difference is 6833 : I fay therefore, by the Rule of proportion, 

AS the greater difference 3 55 7, to the lefſer 653 : | 

So is 60 ſeconds, to 1 x ſeconds, and ſomething more. 

Therefore the arch required, anſwering. to this. Tangent given 
9,6197888, is 22 deg.37', 11", an1 ſome part of a ſecond more ; 
but thus it is verified to a ſecond. | 

Andin like fort you may deal with any other , whether it-be Sine 
or Tangent, | | 

Example 5. 

Let there be required the artificial Tangent for this arch 22 deg. 
37 ,71'.I find in the table the Tangent 22 deg.37' to be 9,6197205, 
and the Tangent of 23 deg. 38' to be 9,6200762, the difference of 
theſe two is 35 5 7, for one minute, of 60 ſeconds : therefore by the 
Rule of proportion, | WIR} * 

As 60 ſeconds to 1 1 ſeconds: ſo the difference 3557, to 652 ; 
which added to the leſſer 9,6197205, the ſum is 9,61 9785 7, the ar-_ 
tificial Tangent of 22 deg. 37.11. And in like fort you- may find 
the artificial Sines of Tangents of other arches conſiſting of degrees, 
minutes, and ſeconds. | F97e! TERS | 

C 3 The 
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all theſe Examples, may briefly 
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be general Rule and Reaſl 
ES; 0. 16 ot ovine Va Ant, LS 
EF: Asthediff:rence of any two next Logarithmsin the Tables, is to 
” © . any partof-thatdifference, og 
F* - --$0 is the difference of the two numbers to which they belopg , to 
the proportional part of that difference ; and the contrary, 
But becauſe this holds truer inthe later part of the Chiliads where 
. the numbers are great,/than in the former ; thzcefore we have (ſhewed 
in the Examples ( as occation requires) how to bring .the numbers 
p- opoſed tothe later;part of the Chiliads. And thus much touching 
the part proportional. 
9. If one numb:r multiply anather, the ſum of their Logarithms 
Mm +. 18s equal ta the Logarithm of their product, 
- - . - A$let the two numbers multiplied together 
; be 36 and 15;the produS is 540. 1 ſay then, - 3% 17-5563025 
that the ſum'of the Logaricthms of 36 and 15, 15. ? .176091 3 
__ the Logarithm of 540, as here you 2. .1:23938 
The Reaſon is, for that (by the ground of Multiplication, ) Asa 
Unite, 48 in proportion to-the-Multiplier : ſo is the Multiplicand, to 
the Produ3t : therefore(by the Coroll:of the:3. Prop: (hap: 2.) th: 
ſum of the Logarithms of Unite and of 'the Product; is equal to the 
ſum of the Logarithms-of the Multiplier and Multiplicand : bud th= 
Logarithm of Unite is 0; therefore the Logarithm of the Produ&t 
alone, is equal to the ſum of the Logarithms of the Multiplier and 
Multplicand:.- ', | | 7. | 
And by the like Reaſon, if three or more numbers be multiplied 
together,the ſum of all their Logarithms1is equal to the Logarithm of 
the ProduR of them all. | 
Corollary. Whence it 5s manifeſt, That the Logarithm of a num- 
ber doubled, is the Logarithm 'of the ſquare of that number : 
and the Logarthm of a number trebled, is the Logarithm of 
the Cube of the ſame number, &c. 


Logarithms, 

_  Thasthe Logarithm of 4 being doubled, is the 4. 0.6020600 

Logarthm.of 16, which is the ſquare of *4 ; and. 16, 1.2041200 

. ering gedled, itis the Logarithm of 64, which is -64. 1.8061 800 
theCnbeof 4; as is here to be ſeen. yy I 

5 IO, IF 
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10, If one number divide another, the Logarithm of the Diviſor 
ſubſtratted from the Logarnhm of the Dividend, 

leaves the Logarithm of the Quotient. 

| | EE. Logacichms. 

As let 5 40 be divided by 36,the quotient will bez 540. 2.7323938 

15. 1 fay then, if the Logarithm of .36, be {ub- 36. 1.5563025 
{(tr-Red from the Logarithm of 5.49, there will 15. 1.176091 3 

remain the Logaritam of 15 ,as ishere tobe (een, by 

For ſzeing the Quotfent multiplied by the Diviior, royuceth the 
Dividend, therefore by the laſt Prop: th2 ſum of the Logartthms cf 
the Quotienr, and of - th Divilor, is equal to the Logarithm of- the 
Dividend: if therefore from the Logarithm of the. Dividend,be ſub- 
firaced the Logazithm of th Diviſor, there remains the Logariihm 
of the Quotient. | 

And by the like Reafon,if the firſt Quotient be divided by a ſecond 
Diviſor, and the ſecond Quotient by-a third Diviſer, &c, the ſum of 
the Logarithms of all the Diviſors, ſubſtra8ted from the Logarithm of 
the firſt Dividend, leaves the Loearithm of the laſt Quotient. 

As if 540 bz divided by.36, the Quotientis 15, which again divi- 
ded by 5, the Quotient is 3 : I ſay th2n,thatif the ſum of the Loga- 
rithms of the Diviſors 36 and 5,be ſubſtracted from the Logarithm of 
the Dividend 5 40, there will remain the Logarithm af the laſt Quo. 
tient 3, ; 

Corol. Hence it is manifeſt, that the half of the Logarithm of 
any number is the Logarithm of the ſquare root of that number ; 
and that thaghird part of the Log arithm of any number, 55 the 
Logarithm of | the cubique rot of the ſams number, © | 

; Loearithms. 

Th:'s half the Logarithm of 6 4,is theLogarithm 64. 1.8061 800 
of 8, which is the ſquare root of 64 : and the third 8, 0.9030900 
Part of the Logarithm of 64,is theLogarithm of 4, 4. o 6020600 
witch is the cubique Root of 64, as by this Example may be ſeen. 

| And thus much for a taſte of the nature and affeions of Log1- 
rithms, ſufficing for our preſent occaſion : he that defires to be farther 
acquainted with the conſtrution and diverſe applications of them, 
may read Mr, Briggs in his Arithmetica Logarithmic.1, 


CHAD. 
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CHAP. I. 
of the Four ſundamental Axioms of the DoGrine of Plain 
Triangles , and of the Caſes deduced from them, 


LE M M A. 


The T hree Angles of a Right-lined Triangle, are equal to two right 
eAngles: Euclid, Lib, 1, Prop, 32. 


He Angles of a Triangle ate 
meaiured (as ie have ſaid) 
by arch. s of a circle,the arch be- 
ing deſcribed on an angular point 
as ona center:thus the arch CE is 
the meaſure of the Angle at A; ſo —* 3 D 1. 
that look how many degrees, mi- . | 
nutes,ſeconds,&c. are in the arch CE, ſo much is the meaſure of the 
Angle at A. Inlike ſort, the arch F G is the meaſure of the Angle at 
B,and IH the meaſure of the Angle BDA : and th:ſe three arches 
CE,FG,andIH, are 180 degrees,which is the meaſure of two right 
Angles ( 90 degrees being the meaſure of one right Angle) ſor theſe 
three arches.C E, F G, and .I H, are equal to the ſemicircle HIKL : 
FG being equal to IK,and CE, to KL. 
If therefore a Triangle be right angled, one of its acute Anglcs,is 
the complement of the other to 90 degrees. %M 
If itbe an oblique angled Triatffle, yet one of his Angles ſubſtra- 
Red from two right Angles ( that is, from 1 80 degrees ) the re- 
mainer is the ſum of the other two; er if the ſum of two of its 
Angles be ſybſtraſted from 120 degrees, the remainer is the third 
ple, 
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AXIOMI. 
of right angled Triangles. 


lain right angled Triangles any of the three ſides way be pitt 4s 
” Redina : To >. other ſides will be as Sines, Tangents or Secants, 


\DP D 
6 \_ Af x6 
A B A gs 7 B 


S if AD be Radius, or the ſemidiameter of the circle, or the 
whole Sine (for by theſe ſeveral names it is called) then BD is 
the Sine of the Angle at A,and A Bthe Sine of the Angle at D, 

If A B- be Radius (as in the ſecond Figare)) then BD is the 
Tangent, and A D the Secant of the Angle at A. 

If DB beRadius ( as in the third Figure Y-then A B is the Tan- 
oent, and A D the Secant of the Angle at D. >: rh 

And what proportion the fide put as Radius, hath unto Radius : the 
ſame proportion hath the other fades, unto the Sines, Tangents , oc 
Secants by them repreſented, 

Asin the third Figure, look what proportion D B hath unto Radi- 
us : the ſame propottion hath AB, to the Tangent of the Angle atD, 
and the ſane hath A D to the Secant of that Angle : and the like 1s 
to be underſtood of the reſt. 

And from this ground are deduced the Corollaries or Caſes follow- 
ing, for the reſolution of plain right angled Triangles , by three 
things known ſeveral ways. 

And for diftinRion ſake;we call the fide ſubtending the right Angle, 
the Hypothnuſal : and one of the fides containing the right Angle,we 
Call the Baſe, and the other fide the Perpendicular, As in theſe Trian- 
gles, the Hypothenuſal is marked with A D, the Baie with A B, and 
the Perpendicular with D B: and it will not be amiſs ro mark them al- 
Ways io, The right Angle is aljvays one of the three things given. 


In 
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the Examples, s ſtands for ſine : t ſor tangent : ſc, for fine 
ement : tc. for tangent complement : ſc. for ſecant, 


| CASE 1. 
_ : The Angles and Baſe given, to find the Perpendicular. 


vw 
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$ let the Triangle propoſed be ADB, and let there be given the 

Baie AB 768 paces, and the Angle at D 67 deg.2 3', ( then 

the Angle at A is alſs known, being the complement thereof) and let 
there be required the Perpendicular DB, then may this Perpendicular 
DB be found three ſeveral ways : For, ficlt, putting AD as Radius, tt 
followeth, that 


As Sine the Angle at the Perpendicular s, D 67 deg.23' 9.9652480 


IS in proporticn to the Baſle : AB 768 paces 2.895 3612 
49 1s dine the Angle at the Baſe, $s, A22-37. 95849685 
B | 12.47032 97 


1n proportion to the Perpendicular, DB 320 paces, 2.5050817 


Here ( according to the 3 Prop, (h. 2. ) I add the Logarithms of 
the ſecond and third, and from that ſum ſubfira& the Logarithm of 
the firft, and the remainer, which is 2, 5050817 is the Logarithm of 
the fourth : Wherefore looking in the Table for the abſolute number 
anſwering thereto, I find the neareſt to be 32o, which is the 
fourth number required. Ir is ſomething more than 32, but for bre- 
vity, and the eaſe of the Learner, I omit the Fraction, having be- 
fore ſhewed how to find it: Andif (according to the Corel. of 3 
hor Chap. 2. ) inſtead of ſubſtrating the Logarichm of the ficft , 
I add his complement Arith- : 

metical}, that total abating 5,D 67 deg. 2 3' compar. 0.0347520 


Radius 1s alſo 2,5050817 AB 768 paces. 2.8253612 
as before. And the work 5, A.22-37. 9.5849685 
Rands in this manner. DB 320 paces. 2,5950817 


Thus having ſufficiently explained the operation in this firſt Exam- 
ple, we ſhall be briefer in che reſt that follow, underftanding the like 
in them alſo, gy | 
3. 
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2. If we maks AB Rading, the proportion holds thus. 


dius rad. ſ. 90 deg. co. ar. 
— 2 AB 768 paces. .. 2.8853612 
ſo tang, the angle at the baſe, t A-22-37 9.6197205 
to the perpendicular: DB 320 paces, 2.505087 


Here becauſe the compl.arith.of Radius ( which isinthe firſt place ) 
is ©, therefore I ſet down in the firltplace only Cyphers or nothing, 


D 


1 


——_ 


þ ©, B A - =; 


3. If we make DB Radins, then 
As a_ angle ac the perpen. # D 67 deg. 23' co.ar, 9.6197205 
1s to h | 


baſe; "AB 768paces. 2.8853612 
ſo is Radius = ' - 85 90-00 7 —_—— 
to the perpendicular. DB 320 paces. 2.5050817 


Becauſe the Arithmetical complement of a tangent to twice Radins 
or 2.0.0000000: # the tangent of bis complement ( 4s hereafter ſball 
be ſhewed ) therefore in the former Example we bave put for the cons- 
plement Arithntical of tang. D. his tangent complement,and ſo abate 
twice Radins : and the lik you may always do when you have a tangent 
wm the firft place. 


CASE 3. BHS. > p< 
The Angles and Baſe given, to findthe Hypothenuſal. = 


Et there be given A B 768 paces, and the angle D 67 deg. 23', 


Oo 


and let there be required the Hypothenuſal A D. 


D O22. Making. 


; a0 THigeno Metric.  - 
: A, HMoatzup AD Reding, ? 
As fine the angleat theperpen. «D567 deg.23' co.ar. 040347520 


isin proportion to the Baſe : | AB 768 Paces, 2 8853612 
48 Radius. ©: 8190-009: ©); I. 
to.the Hypothenuſal. AD 832 paces. 2.9201133 


almoft 332 paces. 
, 2. Diaking AB Radine, 


As Radius, I 5 90 deg,o0', co.4r. ©. 

i$ 1a proportion to the Baſe : AB 67 E Pacgs, 2.885 3612 

ſois ſecant the angle at the Baſe : ſec, A 22-37. 190347520 

to the Hypothenaſal, '* AD 832 paces. 2.9201132 

, or 4 SccantIricond by te TableSellowing » wwe have before 
"n 


1 dildbes DB Rains 


As tang. the angle at Farms tr D167.deg..23'c.a, 9.6197205 
is in proportion to the Baſle: _ A B768 paces. - 2.885 3612 


ſo'is the ſecant of the ſame angle, fee. D 67-23 © 19,4150315 
to tlie' ME 5-©@ A D 832 pgs. B\YJOLL ZÞ 


CASE 3. 
Kee, Lange: with the Fypotbenefil giver to find the bs. | 


© Ds. 3D $32 pi DGj ge23; Required A. 
1. Making A D- Rediy ws 


As Radius, 5s 90 deg. 00 co. 4r, ©. 

to the Hypothenuſal : - AN 83: 2 _ 2.9201233 
ſo fi ine the angle a6-4þe petpen. . 4 D.67r23\..,, . 1... 99652480 
to the Baſe. * AB968 paces. "ih 8853713 


34 4 Makirg AB Radins. 
A$ the ſecant of the avele A, is nnto the Hypothenuſal AD: ſo is 
R4qut to to the Baſe A B. 
3. Making 


YL: 
OO 
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3. Mahing DB: Radion, 


Dk oy ſo ts the- 
Ate gle Dyto the baſe A B. ak AT 


| c AS E We: 5-. 
The Baſt and Perpendicular givento find an Angle. 


-—DaiAB 76 Bpaver, DB B 220 pet Rogers Aer D. 


ICTSATY £ as AB Xadins, 


As the baſe, 708 paces. C0. ar ads a__ 

Ne eeeonce Aatiy « ewe 00”, $6,017 | 
ſo is the perpendicular, 'DB'320 pacts. © | ©: 's 565 r500 

own .the angle at the baſe. My. 0 |. ©. + 9-6197888 

| 3. | Making D Br Rather, ; 

As the perpendicular : D/Bc3 20 paces. payer. .* ; A 49425 06 

iSin proportian to Radius: 4:99 Mg. 05. th ſ : 

ſo is the baſe, AB768 paces. 2. - 8853612 

to tang, ———_ \1D 67-23. TR 3802113 


A od thus are theſe angle rang foe Bebe a btn thror , be 
that deſires exafi neſs, may my ve rhe, wag we Pave before ſhewed, Cap.2. 
Prop.8. 1t ſhall ſuffice 1» the Exantples of f thu Book; to ſet down the 
meaſure of arches and anglexin degrees and winuces; a4 well for 'bre- 
At not to ls bercben young OOTY wh all things at dont forſ © 


'EE «* FO <4? 


AY . D's "-.CASB 


TY Trigowometrie. ©." 
CASE '5. 


The Baſe aud Perpendiewlar given, ts find the Hypothennſal 


Dat. AB 768 paces, DB 720. Required AD. 
Firſt, by the" fontth \Caſe. 


As the perpendicular, DB 320 paces. co. ar. 7-4948500 
1s in proportion to Radins: | 5 90-00 h 

'{o is the baſe, AB 768 paces. "248853612 
to tang. the angle at the per. "fD'67 des. 23' . 40:3802112 


Secondly, by the * iy Caſe. 
As fine the angle at the pegpen. 5 D 67 deg. 23 60.47, 00347520 


is in proportion to the baſe: . AB 7681 Rey  2.8853612 

ſo is Radius, $90-00 

to ” Hypethennlal, ; -AD 832 paces. : 29201132 
— >. Me. CE 3 | 


T he Baſe and Hypothennſal given, to find an angle. 
Dat. AB 768: paces, A D. 832 paces, required D. 
oO Making AD Radius. 


As the Hypothenuſal 2 AD: 832 Pac. 06. #r 1", 9798465 
is inpro = to Radius :.- © 596-00 

- ſoisthe .AB 768 paces. : 12:885 3612 
to line WI the perpen. 1 D67 deg. v3" 9.9652379 


2 Making AB \Radive: © 


As the bafe A B, —_ ion foRilius : , 50 1 
Gs Hypethenuſal A D, 20 tte ſeeaht of" the abc tte bile A. 


; "CASE = 4 
the = and ypothensſat 2dven, to find the Perpendicular. 
& XC [PSY 767, paces; AN RAM pigerred: wild = 
2h 0 00 Fiſhy uke: -frb\{ fs aaa ot aig 35d 


Azthe Hypotbenufal ADE 32. Parks ar. "Fs 0758067 
i$1n-pro ortion —s > 5 g0-00": rd-8t 1 

018 the daſe, ... 11,-, «A Bo fpaces: | = 9.8B556r5 
 oſne the gle at te paper sD 67 deg. .  9-9652379 


Secondly, 


OTE” Ip 


a a ae 
Cute. as. 
- 
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Secondly , by ' the faſt Caſe. 
As Radius a | 5 90 deg. O0*c0. 47. O. 


15 io proportien to the baſe AB 768. paces. 2.9853612 
ſois tang.the angle at the baſe , # A 22-37 9.6197205 
to the perpendicular . DB 320 paces. 2.5050817 


Mr. Briggs in his Arithwetica Logaritbmics C. 19. but in the 
ſecond edit. C. 17. reſolves this Caſe more readily thus. 

Take the Logarithms of the ſum and difference of the hg wy yag 
nuſal and fide given, half the ſum of thoſe two Logarithms,1s 
earithm of the perpendicular or fide required. 


As, ler 

| Logarithm.- 

the &de given be 76 'F the ſumme 1 7 3-2041200 

the Hypothenuſal 832 [+: mae | 1.8061 800 

the fide required 320 i 2.5051500 
7 he te this Logarithus here found, and that which 


was found by the former operation, ariſeth chiefly by ue negleing certain 


hes Tt the as | mi confequently 3 iu the angle A; for the angle 
Yd Andeed 23 eg. 37” in” > and ſomewhat more. : 


— DS — 


"And thus may right angled Triangles be diftipguiſhed into 7 Caſes, 
h the reſolution of all theſe Caſes depends upen one Rule, which 
Axiombefore put. 
ree Axioms following are true inall-plain Triangles, but are 
> intended for the oblique angled; which now We Come to 
C 


| AXIOMIL TY 
In all plain Triangles, the (ides are in ſach proportion one to 
another , as are bo. of their oppoſite angler. 


A*® in the Triangle ADE. As the fide AD # in propertion th 
ED: ſo the fiue of the angle at. Eto the fine of the angle at 
A. ST MOTT... canoe ai 25: 1H | 
: Conlt. eAboxt the Triangle ADE, deſcribe the Circle ADEC, 
_ Go: oa Then are the fidrs of the Triangle ADE, as ſubtendents 
or chords inthe Circle ADE C. Sothat 4s the chord of the arch AD 
is tn proportion to the chord of the arch E D ; ſo # the (ide of the Tri- 
angle AD,to the fide ED;(and the like #4 to be underſtood of AE) Bnt the 
half chard; are fines of , half the arches fubiended by thoſe chords ; and 
as | # tothe whole, ſo #s the half to the balf : Therefore as 
the fire bf ' half the arch A D, us in proportion to the. ſine of half the 
arch ED: ſos thefide AD, - WED ; 
tothe ſide E D. But hf. by 
' arch AD,«.the meaſurs of 
the angle at E,; and bulf the 
arch ED # the meaſpre of the 
angle at A (by 20.3.Euclid.) 
therefore, as the fone of the an- 
gle at E, #s in propertion tothe 
Fre of the angle at A; ſox the 
fide A D- to the fide ED. And . 
the likg is to be underſtood of 
the fide AE, and bus oppoſite a- 
Lie at D. Therefore in all plain 
Triangles, &c, which was to 
be proved. _ | RR ee 
And ſeeing as the ne of E totheſmeof A: ſows AD to ED, 
therefore alſo alternately ( by 16. 5. Euclid. ) As the fine of the an- 
& at E, i 1n propertienzo AD; ſo is the fine of the angle at Ate the 
e 


ED,&c. Therefore, 


: CASE 
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.CASE 8. 
The angles of a Triazgle, with one of the. ſides being pjvcn 
| _ to find > of the gr Fav ſides. && 


LF there be given the angle |») 
at A, 22 fegrone 37.- = : 
the angle at E £3 egrees oF, 


and the fide 780 paces. | 

And let there be required the 
fide ED.' Then by this Axiom HB 
'As the fine of an anole, SE 53 deg. o8' co. ar. 0.0963g17 I 
i3 to his oppoſite (ide given : AD 780 paces. 2.8920946 > 
ſo is the fine of another angle, s A 22-37 9.5849685 1 


to his oppoſite ſide required. ED.375 paces fere. 2.5739548 
pricre it ts not full 375 paces, bait wants about four inches, but 375, ts 
- thepumber in thtT able neareft agreeing to the Logarithm 2.57395 48 
without 4 fraction ; and 1 would not trouble Beginners with frattions at 
frft, baving ſprken ſufficiently of thens, Chap. 2. SeR. 7. and 8, 
FL CASE-'g. 
Two fides being given , with an angle oppoſite to one of | 
then © to find an angle oppoſite to the other of th:m.. "1 


Dat. A D 780, E D :375, the angle at E 53 deg. os" 


- 
*% 


Required the angle at 4, 


Asone of the ſides oiven, | AD a er-e.e 7.1079054 
to the fine of his oppobite avg,oiven, sE'53 deg. of, 9.903103; 
ſo is the other fide given, E D 375 parts. 2.5749313 


to the fine of his oppdfite angle req.. 5 A22.dep. 37. ' 9-5850450 
- Tnthe uſe of this la C PORT IP he oppoſite to the greateſt fide be- 
2g required, it will be ſometinge's Lukefor whether it be don, or obenſe ; 
for in the Triangle ADE, in the ſcheme of the ſecond Axiom. 
As ED 375 parts, ro 8'A 22 008. bo 
a Ss AE 945 parts, to $D104 des. 15”. 


And > 


4 


ns SF A; AS + 7 25 OY : 
RE 4) by , 

ab a oe a, 7" I» : wy . 

5 - 


«” qe - JS, . 


+... 
I Bs. 
ns + 124 a. 


1 eAnd in the Triangle AE bt : 


2x.” EIA 


k. 
£ Sc 
nt Ls 54 Ty "* 
Pa ; 3 ey 
LEY "I 
PE DOES 
2 ons Od 
= q 
En 24 4 


. $w.Þ 
YR . $3 pe + 
: Op AS 


Oo. fo AE 995. partite 8G, 750g 45 


0" bh 
23-4 2-1 
; £4 

z 
2 - 3a 
7 
* 
= 


” 2 F 25 - 
It. 
4.4 


[a 


'EC $75 parts, to-SE AC,22 dog. 37 


» either of which the. #qerar1on i one and the ſame , 

* found all ahh on A den in the one exceel a quadrant by 1 4 deg. 

| 15", and the other comes as much ſhort : Pecanſe every fine of an arch 
leſs than a quadrant, 6 alſo the fine of the complement yi 

180 deg. Nowthis doubt cannot ſometimes be otherwiſe 


——C 


and the fine 


that arch to 
cleared, but by 


poſete angles, to the tangent of the 
them, above or under ihe half fan. - 
Let ADE bean oblique Triangle, 
Conſt. cMakgACand A H each equal to AD, 
ard draw D H, and parallel thereto draw E G; 

' and draw a line frfm C to D,extending it toC; 
Demonſt. 4nd foyleſmuch as AH * equal to 
AD, therefore (by 5.1 Euclid) the angle AHD #s 
equal to A DH, and by the Ghoveaten the. angle 
ACD, #5 equal to ADC,therefore the whole angle 
 HDC # equal ts beth theſe avgles CHD& HCD; 
therefore ( by the corr. 31. 3. Euclid) the angle 
HDC # 4 right angle. And foraſmuch as E G 5s 
parallel ro HD,therefore( by 29.1.Euclid) the an- 
gle EGQ'ss alſo a right angle : for it is equal to 

. HDC,gud (by the ſame) the angle CEG #« equal 
to CHD, aud EDH to DEG, 5*t(by32.1.Euclid) 
ward argle AHD s equal to the two inward 
s HED and ED, put ADH common to both; 
= theſe two angles A HD and ADH, are equal 


| _ "theſe rwo angles AHD and ADH & balf the ſum 
+, + of thoſe two angles AED and ADE, therefore al- 
6: fo the auglt KEG # half the ſuns of the ſame an- 
Fr AED and ADE. bs Hg 


* 
*- 4 
T 
vil P 
M$ 
"I » wh 
-. ; 
_ #3 "%# 4a » ks 
46 Kt, F 
% 3 Ko 
—— 4. >. 
RY SE "OY; 
WonS S 


' 
: ©4585 > BW 
3? EE 
£4, J 7 z 
> Mo oxy 26 4 


difference of 


: #6 theſe rwo AED axd ADE; therefore either of | 


delineating the Triav exallly as Jon can. | 
So —A TO IT, 64 
Tall plain Triangles, as of two ſides, us to their dif 


. . ſerence : ſo is the tangent of the half # wu of (+ len p 
eather 


YTT" normcnnraetacabotdnss F 1 


Os Ms. eden ks 


. ſo is-the the tang. of the half ſum Ep 


Now if to one of the ſides of a triangte there be drawn a parallelyit 
divides the other ſides prop'rtuonally (by 2.6; Euclid.) therefore as C H 
is ty proportion to HE, ſo #C:Drip DG: therefore alſo-compoſed. ( by 
18.5.Euclid.) As CEto HE, ſos CGro DG: thar i, 

eAsC E the ſum of the ſides AE and AD, | 

5s 3a proportion to H E their difference : ' © 

ſo # C G the tangent of balf t he ſum of the anyles AED and ADE, 

to DG the tangent of the angle DEG, being that which the angle 
AED comes ſhort of the half ſum: a HD Es the exceſs of the an- 
gle ADE above the balf ſam. | \ 2aN - 

Therefore in «ll plain triangles, 4s the ſum of two ſides, is to their 
difference ; ſo, &c. which was to be praved. 

Therefore 1n avy plaio oblique triangle-; 


RN s CAS E Io, Þ * 
Two ſides, with their. contained angle being given © to findthe 
other angles,” © ? 19vie 28) 00 5. | 


AE 1 89 pac. (ſum 345 
Dur-NaD I56 np Vi " | OW —A 


D | 

A22 deg.z7' | - \ N 
tf Ns 
K 


Regs.D or E ; which, together . | 
are 157 deg.23*,being the com- ans ad 


plement of the angle A to 180 A. 
deg. o0', by the firſt Lemme. 


As the ſum of the fides given;(AE+AD) 345. Patts;c.4::7-462x830 
1$ in propor.to their di ce 3: (AE-—ADY33. -; !o 1»$155:139 


of their two oppolite/angles ;\ * HD 175deg-41 12,9999 e9 9933.” 
to the tangent of an angle ' * tF 25—335 9g-6797280 
Which added to the half ſum, — —— 

the greater of the angles required. FO INY 
OriſubRraRted leaves the lefler E 5 3—08 


""—_ TOW R ae Ade 4: idaho. 
"he 5 wy , NG : , "a *s, ". . - C9 ; is * F La A 
F * 
- F 
bd *.4 # »y 
The. Fis . 2x 
* C5 


* WER ED, 
Is f 
5 


Thignnwetrio | 


. Here (AE+AD) fignifies A E more A D, or the ſum of them ad- 


. ded together ( A E—A D) A S leis A D, or the remainer of 
AE when A Dis ſubtracted: 7 5 FED the tanvent of half ns 
ſum of the angles E and D. | 


The angle found, we mark with F only for - diflinion ſake ; and he 
like is to be underſiood, .When we \meet with. the like notes. | 


CASE 11. 


Two ſides and their contained angle _ £49 find the 
third ſide. 


Dat:AEr 89 paces : A D 156 6 pars: A's 22 "M WT. 
_ ED. 
hs Firf , br. the renth Caſe, Ti 

As Ro ſam of the ſides given ; (AE+-AD)3 45 Patsn, 7,462 I $1 Io 
isin ones to Ro difference: (E—AD) 33 parts. 1.5185139 
ſo is the tangent of the half ſum q 
of _ two > oppoſite angles : $" wy DIY _ Merten Lid 
to the tangent of an anele : 25-—33z3 9567972 80 

Wt:ich ſubRraRed from the balf bn | Ih . : s 
ſum leaves the leſſer ang, required, XI 


Secondly , by the eighth Caſe. 


. As the fine of the angle found, $E53 deg.o8.c.s, 0.0968917 


4s inp proportionto his oppoſite fide A D-156 paces 2.1931246 
{oinghe fine of apes, 1 "ou SA 22 57 © 9:5849685 


-rothis _—_ fide require. _* 'ED75 paces 1.8749848 


"v WE Y7 ROUTING Moe 


iO, ob) $a 


.cirele, therefore (by36P 


. : 
= a 
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| AXIOM Iy.. 5-20 
In oblique Triangles, as the true baſe, is. int propertien to the 
ſum of the ſides - ſo is the difference of the ſides , to the 


alternate baſe. | 
As in the oblique Triangle A D B. 


MOBI IDS "REL 
Admit A E to be the true IK 


wot exceeding D A) deſcribe 
the circle 1EFG; and proda- 
cing ADtoC, let fa the 
perpendic:ilar DB, and draw 
the tonch line AG, Then 
DC and DF, being each of £< 
them equal to DE; AC s A&A FAC : 
the ſum, and AF the dif- —_—_ RR. | | 
ference of the ſides DE.and DA; and AE i the true baſe, and A1 
the alteraats baſs... >= ot RS FE: 
I ſay then, as the true baſe AF, ts tothe ſuns of the ſides A C. 
So 5 the difference of the ſides A F, tothe alternate baſe AI, 
Demonſt. For ſeeing that from 4 poxnt wit hout the circle A, there 
ts drawn the line A C cutting tbe carcle, and the line A G topching the 
« 19k Euclid): the; reib.ghg le fignre py AE 
and AF, is equal to the ſquare of AG: and by the like reaſon, the 
rettangle of AE aud Al, ts equal to the ſquare of AG. Therefore 
the age 4 AC and A F, equal tothe reflangleof AT and AE. 
But equal reflangles have their fides Teciprocally priporgional ( by 1.4 
Prop. 6 Fuclid, ) Thereforg as A E 19 in proportion ta AC, fo s AF 


to AI. Which 9a to be proved. _. PE ae 
eAnd this Caſe might (uſſce, there are tws other's, which are as fol- 


lowath. . 


baſe, Conſt, Kpon the point =, | _ 
D, and diſtante DE, (DE & 4 


4 want} - 
- * OY » 

* . - i ; 4 " =- *fe > « 
4 4 I» 4 $ . B + 4 - 3 —_ » # 


-13 elle: 12216191 24tpla, <1 


, ' o , 

. . _ * LO TSEESD ; 

þ 40 745 | aAIS 4% 4 
4 


0 £03 91 Þas Pale 


v»Þ, 


» #pon he 
center E,and difangt ED. (ED 
ot exceeding EA ,) deſcribe t t 


circle, &c. proceeding as before :iand if you place the letters 44 in this 
ſecond figure, it will be agreeable to the words of * the former —_— 


tion : ſuppoſing AD extended to C. 


Caſe 2. 
Or if the perpendcular le let fal 
from Fa © ing D E the Baſe, then 


- on the center A, and diſtance AD, 


(AD rot exceeding A'E) deſcribe 
4 circle; and ſo proceed} as before. 
Ang if you pare the letters as in 
the third figure,jt will be agreeable 


to the former demonfiration.;: Fc uppo-, 


fg AD: extended to C. 


1[n every of theſe three triangles, 
AE #* the true ſe, a A [I the, 


"CASE: 


alternate baſe: — 


Threej des of an x ebligu triangle jenge gi Den: fo ford an gh 


Det. A E 189 pred »; I 56 pacet, 


In the _ triangle. 


ED 75 paces. Ry 
* .., Firſt »( by this my 6 Arc) Irelolye it: into tne righ angled 
- (Fang 
As the tru bal "AB i89 paci ca a. - 747235382 
is the ſomnE the Mg .(AD+ED)2 31 Pac. -- 2.3636120 


ſoisthe difference of the fides LT oa - Pac. 1.90e4850 


to the alternate baſe. AI 


ac. 9956352 


9P 
Having thus the true and alternate baſe, ubfira the leſſer from the 


| \ 
1 
. \ "of 


=" - Ls 
RW » 
CES - 2 Es : 

2 % "IS Pats 2-44 


-Srpter, and in {ne middle ofthe remaincr falls the perpendicular : 
(by 


COMMENT Dy, > ic 62 


EE edt LH 


ry 
En ea th 
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'by 3 Prop.z Exclid. )reſolving tbe oblique triangle into two right an- 
oF tics Baru either of which the hypothenuſal and baſe is known. 
"As the difference of the true and alternate baſe bring 90 paces, the 
half # E B 45 paces: ( ſervingro find the angle at E ), being the baſe 
in the right angled triangle E b D. I” 
Which haif. here ſubſtratted from the true baſe CAE 189 paces, leaves 
the baſe in the other right angled triangle A B D, namely, A B 1 44 
aces; ſerving to find the angle at A. 
Then in-the right angled triangle A D B ; having the bale A 3B 
1.44 p«ces, and the bypothenuſal'A' D 156 paces; we mayfind the 
angle at A ( by the 6 Cale before going ) thus. 


As the hypothenutal, AD 156 parts,co. ar. 5.506 375 4 
is in proportion to Radius: - 5 go deg. oo. 
ſo is the baſe found, _ A B14oparts. 2.1583625 


to the ſine of th? complement./? 
of the angle at the baſe. $-- AT 9-9652375 
the complement whereof 22 deg. 37' is the angle at A required. 

In like manner might be found th2 angle at E. 

In ſetting down this fourth Axiom , 1 have followed the Lord Ne. 
pair :. Pitiſcus and others have it thus. TT: | 
As :thegreateſt ſide is tothe ſum of the other two ſides ; ſo #s the dif - 
ference of theſe two, to @ part of the greateſt : which taken from the 
greateſt, the perpendicular falls in the middle of the remainer. 

As in the il aure before going ; as the greateſt fide AE, is to 
the ſum of the other ſides A Dand ED (thatis A C : )- ſois the dif- 
ference of thoſe ſides A F, to a part of th: greateſt A I : which taken 
from the greateſt; the remain?r isI E, in the middle whereof at B, 
falls the perpendicular. | - i 

Which diff-rs lirtle From the former, and is demonſtrated in- the 
ſame manner. | | g 

Now that you may at once have a view of that which we have be- 
fore 1n this Chapter more largely handled, I have digeſtedinto this Ta- 
ble the things given and required in the example of every Caſe, ex- 


| preſſing alſo briefly their proportion and'operation ; ſo that hereby 


ou may by ſufficiently dire&ed for the reſolution of plain triangles, 
hough I would rather adviſe every man to cotritnit ts, memory the 
four Axioms before going, and to ground his praRtice theieon., |. 
F - ; ; 208% a» /* 
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CHAP. IV. 


ITISCH $ in his Trigonowetria, hath four Theorems for the 
varyipg of proportions, and for the finding out the thing requi- 
redin a plain or ſphertcal triangle ſeveral ways: which briefly are m 
effe as followeth. : 
The Grounds or Theorems for varying the terms of the pro- 


portions of Sines, Tangents and Secans. 


| Theorem 1. | 

The proportion of Radins to a ſine $angent or ſecant > and con- 
trariwiſe the proportion of a ſine, tangent or ſecant to Ra- 
dins : may be varied three ways, by the firſt Axiom of 
plain Triangles. |; 


Aon A. 


For, | | 
As fine D B, to Radics AD; inthe : ; 
. 1” rſt triangle, o% And the con- 


ſo Rad, D By toſecant AD ; inthe thi triangle, verſe 


ſe otang. DB, to fecant AD; i# the ſecond triangle. 


ſo is Radina D B, totang, A B; in the third triangle And the 
fo fine D B, to fre AB; in the #8 pens ad converſe. 
And the like is to 10p th of fecants, but this may ſuffice, 
| Hewos | | 
oy" me of py Wy: or angle, ts to Radius : | 
Rae, to the ſerant conpl.of that arch; >And q 
and ſo is the tangent of that rh hu ſeeds : I} 


| Again, | 
As tangent DB, to Rad. AB; in the ſecond triangle, : 


Allo 


' fo # Radins, ro the tangent complement thereof : 


I #i 
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_Alſo p ME 

As the tengent of an arch or angle, 1s to Radim : 

And the conver. 

and ſo ts the ſine thertof,to the [ine of 11s compl. WE 
' Corollary. M 


Hence it ts evident, that Radiau a mean proportional b:tween the fine of 
an arch, and the ſecant of the complement of the ſame arch : alſo be- 
tween the tangent of an arch, and the tangent of the complement of 
the ſame yas. 

And hence it is, that the complement arithmetical of the artificial 
ſin2 of an arch, is the artificial ſecant of that arches complement. 
And the complement arithmetical of the artificial tangent of an 
arch, is the tangent of the complement of that arch. ( Here you 
are tounderſtand the complement arithmetical to twice Radius, or to 
20.0C00000. ) | 

/ As a tangent 
For ſeeing the ) to Radive : 
proportion is Y ſo #5 Radius 
to 1ts tang. compl. 

Therefore (by 3 Prop. Ch,2.) an artificial tangent ſubſtra&ed 
fromtwice Radius, leaves thz tangent of its compl. 

Oc (by the Corollary of the 3 Prop Ch.2.) a tangent added to the 
tangent of his complement, is equal to twice Radius. 

And the like is to be underſtood of the fine of an arch, and the ſe- 
cant of the complement thereof. 


Theorem 2. 


The fines of ſeveral arches, and the ſecants of their comple- 


- ments, are yeciprocally proportional. 


Ai the ſine of an arch or avgle, | 
#5 to the ſine of another arch or angle - 
ſo # the ſecant of the complement of that other, 


ro the ſecant of the complement of the farmer. 
Demonſt, For (by the foregoing Corollary )- Radius is the mean 
proportional between the fine of any arch;and the ſecant of the com- 


plement of the ſame arch. . 
Therefore 


Ce Os 28 


As$3 18inproportion to 9; ſois4to12. . 


| The Firſ? Book. . 4 
Therefore the re&angle of any fine, and of the ſecant of his com 
plement, is equal to the ſquare of Radius ( by 17. 6.Exclid. )ſo that 
eRangles made of the fines of arches, andof the feeants of their 
camplements, are equal one to another, ft 
_ 'But equat'reRangles have their fides reciprocallyproportional (by 
14:6: Euclid. ) Therefore, fc, * | o | 


| Theorem 3. Me 
The tangents of ſeveral arches, and the tangents of their com« 
plements, are reciprocally proportional. That is, 


As the tangent of an arch or angle, 
z to the tangent of another __ or angle : 

ſo # the tangent of the complement of that other, 
ro the tangent of the complement of the former. 


. Oremonfs. For ( by the foregoing Corollary ) Radius is the mean 

popu between the tapgent of every arch, and the tangent of 
is complement. 

Therefore the refangle made of any tangent, and of the tangent of 


| his complement, is <qual to the ſquare of Radius (by 17. 6.Excl;d. } 


To that all re&angles made of the tangent of arches, and of the tan- 
oents of their complements, are equal one to another, © y 
But equal reQangles, &c. as before. 


wok Theorem 4. | 5a 
If four. magnitudes be proportional : then alternately alſs they 
,are proportional : 16 Pro. 5 Euclid. ' 


*  Andthelike is to beunderiood of Numbers. 
Agif 3 beinpropertionto 4; as9 to 12. then allo, 


And hence (whereas we have before throughout this Book compa- 
red fides;to the fines and tangents of angles, cc.) we may compare ſides 
to lides.and angles to angles, as in the exemplary Table we have done, 


And thus much touching the Do@rine of Plain Triangles. 
ro F THE 
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-SPHERICAL- TRIANGLES. 


: CHAPT © 
Of Circles of the Sphere, and their InterſeFions ; and of the 
| kinds and affetFion s of | | Spherical Triangles in general, 


Þ © define in this place; the ſeveral circleg of the Sphere, 
- were fuperfluqus, becauſe they are beſt underſtood in 

the »ſe of the Sphere or Globe, wherewith it is requi- 
xD. fit the Reader Gul be acquainted (at leaſt in part) 
_— Y oY d before he apply tumſelF to the Doflr;ne of Spherical 
Triangles. Therefore paſling by theſe, we come to thoſe things which 
more unmediately concern our preſent purpoſe, ,  _ | 


. - 


Prop. 1. The ſides of a Spherical Triangle are three arches of 
' great circles, every arch being leſs than a ſemicircle, 
Therefore the arches of. parallets, or- other leſſer circles of the 
Sphere, are not'to be taken as the fades of a ſpherical triangle. \ 
2, A great circle of the Sphere js.that which divides the Sphere 
equally into two Hemiſpheres : and is everywhere diſtant 
from its own poles, by a quadrant, or fourth part of a great 
—_— _ 
. - - Thus the EquinoRtal is 4,great circle of the Sphere, dividing it 
2qually into the Northern and Southern Hemiſpheres, and it isevery 
where diſtant from its.own poles ( namely, from the North and South 
poles of the world ) by a quadrant, or 9o degrees, The like is to be 
underiovd of the Ecliptick, and of all Horizons, Meridians., Azi- 
-qauths, and of all other great circles of the Sphere, | 
Lk: S245 4 6. 3r 4 
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g. A ſpherical erghe is meaſured by the arch of agreat circle , 
dejeribed on the angular points as a center between the ſides 
being extended to quadrants, ........  _ 
Thus in the Scheam next allowing the avgle A D E'is not meaſu- 
redby the'arch AE, butby the arch'I'B: becauſe 1 Bis geſcribed on 
the angular | —_ D, as a center, between the fides D A and DE," de- 
ing extended to quadrants. | SON 
4. 4uz twa great circles of the Sphere,interſa one another ies 
80 oppoſite points, making the angles at thaſe points equal 
one te axother, and cither of thens equalts the diftence of 
the poles of the ſame circle, ' | © Ang 
As the EquinoQtial and Ecliptick interſe& one. another in the 
points of Aries and Libra, which points are direQly oppoſite one 
to another, being diftant a ſemicigcle or 180 degrees ; and the an- 
ele by them comprebended Toy 
at the beginning of Aries , 
1s equal, to that by them 
comprehended at the be- 
vinnibg of Libra: \andets 
ther of theſe angles igequal \ 
to the diſtance of j their \ 
poles,namtly, 2 3 deg. 31'.: : 
| Thus alſo in this Scheam 
the azimurh G LK inter- 
ſeRs ihs,meridiza'C C Kin 
the oppalte points G and 
K (that 1i$ in the Zenith and 
Nadir ) the angle of their 
interſetion at' G . being 
equal to- that'at K ;' either © dos 36, | CES 
ach Ine. CL ng 
by the arch of the Hotizot © L,, whichisequaF to ED, the diftance 
of the polevo? the ſy Uretes, © ot EET EN - 
Corol. Therefore if .a great circle of the Sphere paſs by the 
Poles of another great circle, it divides the ſame at right 
argles : and the converſe. 


, 
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5 Every Jphet jeal thiangle hath oppoſite to each angular point 
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* another triangle, having the ſame baſe with the former,and 
#he angle ojdube therets equal, the other parts of it are the 
_ complements of the ſeveral parts of the former to a ſemi- 


” - 


. errele. , 


Let cA DE hea ſpherical.triangle, andextend the (ides thereof 
D 4 and DEE, till they concur at H, alſo A D and AE, till they 
concur at G;; and laftly, EeA and ED, till they concur at F. 
Fhen:are the arches 'D. 4 F, DEH, AEG, ADG, ED EF, and 
E «A F, {Emicircles (by the fourth Propoſition.) And thus,to each an- 
oular point of the triangle 4 D-E, there is oppoſite another triangle 
baving the ſame baſe with the former, &'c. As to.the angular point 
E, there is oppoſite the triangle 4 F D; whoſe angle at F is equal 
to the angle at E, and the baſe 4 D | 
1s common to both triangles; and 'E 
the des F Aand F D,are the com- 
plements of the ſides AE and DE; 
and the antes FAD and FD A, _. 
are the complements of the angles 
E A Dand ED A; namely, thezr 
complements to a ſemiciecle, or to 
1 8o degrees. 

The like might be ſaid of the tri- 
angle DG EE, which is oppoſite to 
the angular point A, and of the tri- | 
angle A H E, which is oppolite-to, s y 
the angular point D. So that any three things being givenin-the trian- 
gle A DE, there are the like given in every of theſe triangles. 

Note. If therefore the triangle to be reſolved, be obtuſe angled , or 
have two of his fides ether of thems greater than a quadrant :. though 
you. might fing out the thing required in that, yet it will be more con- 
venient to reſolve one of the leaft of the three triangles oppoſite to his 
abgular points. ASif a queſtion were propeſedin the triangle ADE, 
1t may more conventently be wrought in the triangle A F D, 


6F 
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_ 
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& 

AED to aſemicircle.And / | 'N 
foraſmuch as the arch M-N [\ 

T.; _— from A go de- 
_ frees, and the poles of the noi 
arches AD' and AE, name- JO _ 
ly,F and H, are alſo (by the Fes 
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6. If three great circles make by their interſeTione a ſpheri- 

cal triangle 3 and if the poles of thoſe circles be the anzular 

. points of another ſpherical triangle © the angles of the firſt 

- traavgle ſhall be equal to the ſides of the ſecond, and the ſides 

of the far ih, to the:angles of the ſecond. If only inſtead of 

the greatel(t fide, or greateſt angle, you take the com. 
plement thereof to a. ſemicircle. 


This is apparent by the fourth Propofition-df this ("þapter;and both 
this, and the latter part of that may be further maniteſted thus. 
 - Let ADbe anarchof the EquinoRtial, AE anarch.of the Eclip- 
tick, E D anarchof the Horizon, making the triangle ADE; and 
let G be the pole of the Horizon, F the pole of the EquineRial, and 
H the pole of. the Ecliprick. Then on the point A as a center,and at 
the dittance of a quadrant or 90 degrees A Mor AN, deſcribe the 


| arch MN; which ( by the third Propeſition ) is tis meaſure of the 


angle at A, and in like ſort 
OC, tbe meaſure of the 
angle at D,andPL, the 
meaſure of - the comple- 
ment of the-greateſt angle 


ſecond Propoſition) diſtant 
from the {ame point A 90 
degrees; therefore the arch 
MN being produced, will 
paſs by the poles H and F. 
And for the fike reaſon, the | | 
arch OC, will paſs by the poles Fand G.. And ÞP L by the potes H 
and G, fo making the triangle G H P. I ſay then, that the ſides of the 
triangle GH F, are equal to the angles of the triangte AE D. 
For the quadrant F N is equal to the quadrant M H\: and taking 
away 


Ivigonometrie; 


” wy NH, whichiscommen/to them both, there remains the fide 


F H,equalto M N;; whicharch M N is the meaſure of the angle at 
A, And by the like regen. G-F igequal to. C.Q, the meaſure of the an- 
ele at D, and GH is equal to LP, the meaſure of the complement of 
the opeateſt avole ABD to the two right angles, And in like fort we 
miy prove that the ide AE, is-equal to M P,\themeeſure of the angle 
at H; and EDequatrs L'C, the meaſure of theangleatGz and AD 
equal to N O, the meaſure af. the complement of - the, greateſt angle 
GPF Hto1fo degrees. Therefore, If three great circles make by their 
interſeftiens a'triangls,'&comhich was'to be proved. 
on 7 _.” - 7 
Hence it is evident, that the angles of a ſpherical triangle, 
#1ay be changed into ſides, and the ſides into angles, 
7. The three angles af every. fpherical triangle, are greater 
than two right angRs. Oo oo nd 
The demonſtration hereof” you may ſee in Regiamhontanm, Pitiſcine, 
Snellizs, and others, | | 
8. If a ſpherical triangle have one or. more:right angles, it is 
called a right angled ſpherical triazgje,,., | © =” 
9. If a ſpherical triangle have ojte or more 'of his-frdes qua- 
arants, it is called a quadrantal triangle. * n 
IO. If it have meither right angle, nov any ſiae 4 quadrant, it 
js called an oblique ſpherical triangle. © - - . NL 
11. If a ſpherical triangle be both right angled, and quadrans 
tal, the ſides thereof are equal to the oppoſite angles, * © 
For if-it have three right-angles,the three {ides of it are, quadrants;if 
it have two right angles, the two fides ſubtending them are quadrants, 
and the'captraryy if 1t have .gge right ang [Ogp6 ene idea, quagrantyt 
hath two right angles, and twoyuadrantal figes,;. all which 15 evidens 
by the Corollary of the fourth Propoſition,; But if tw fides be qua- 
'Hrante, the'third meaureth their:contained angle by the third Propghi- 
4i92;Therefore for the ſo{ution of theſe kinds of triangles, there necds 
'no turtagr. Rule; ;;- ©: <f 20G? cr bee ood ft = 
20iFo whaſe, we may:add three Propofations: ſer down. by the Bazon of 
VBVIS : CMer- 
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eMerchiſone, tihis Book of the uſe of the admirable Table of Lo- 
oarithms: being as followeth. PF j jp 
2. Two oblique angles of a ſpherital triangle, are either 0 
; them of the ym, rk which their oppoſite ſides are. 
Therefore knowing of what kind the one is, it appeareth allo of 
what kind the other is. | Il | 
13. If any angle of a triangle be nearer to a quadrant than his 
oppoſite ſide : two ſides of. that triangle ſhall be of one kind, 
and the third leſs than a quadrant, 
14. But if any ſide of a triangle be nearer to a quadrant than 
hzs oppsſite angle, two angles of. 1hat triangle ſhall be of one 
kind, and the third greater thawa quadrant. 
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Of the firſt fundamental Axiom for ſpherical triangles : and of 
the ſolution of : right angled and quadrantal triangles 
thereby. 0164 v1 2 97 34 mm tat C 

IT ISCH'S, and'others to theſe times, for-the ſolution of right 
apgled ſph2rical triangles (not medling with- quadrantals) -have- 
elivered twe Axioms z by belp whereof, twe things given ( | 
the right angle ) a third may be found. But for the molt part, the ſides 
of the triangle muft be produced, that-ſo there gaey be divers trign= 
oles made by their interieRions, cankſiing of - the parts af the firft,or 
of the complements of thoſe patts diverſly. And thenit muſt be:con- 
fidered, to which of all thoſe triangles one of the ſaid Axioms may 
zptly and immediately be applied, for finding the thing required,or the 
complement thereof. But the honourable Lord N eparr,amongt many 

excellent Propoſitions by him framed in the Doftrine of Triangles , 

hath-two,which we intend to make uſe of,as-fundanitental! Axioms for 

the ſolttion of all che caſes of ſpherical trizngles. The firſt ſerving for 

the ſolution of rightangled and quadrantal triangles, without produ- 

cg any fide, which after ſome preparation thereunto, we will ſet down 

witi-ſome little alteration, anſwergble to the nature of. the ED 
t. 


now.n uſe,, 


| 
- 5 hs we 
= i 


* angled ſpherical triangle hath fiveparts Ts A 
.. betdes the right angle ; which he calls 
the natural parts: as the triangle ABD, 
_ rightangled at B, bath the fide A B, the: - 
-angle at A,and the'Hypothetuſal A D, 
the avgle ADB,and the ſide DB.Three 
.of theſe parts which are fartheſt from - 
the right angle,namely,the angleBAD, | 
"the Hypothenuſal A'D;' and _the angle 
AD B, we mark or note by their comn- 
plemetits'toa-quadrant. Ag'the angle *: | 
B A D we accountas the complement of the ſame avgle,and ſo write 
compl: BAD; for AD compl: AD; for ADB comp!: ADB. 
But the two fides DB and A B, being next to the right angle, are 
not-noted by R—_—_ And theſe parts thus-noted, or ac- 
counted , he calls the fivecirculas parts of ,a right angled triangle, 
Namely, z AB, 2 cewp!: BAD, 3compl: AD, 4 compl: ADB, 
5 DB. SAL + |; 
- Likewiſe the quadrantal triangle ADG (whoſe fide DG is 2 
quadrant) hath five parts beſides the quadrantal fide. Namely, the 
fde AG, the angle at G, the angle GD A, the fide AD, and the 
angle D A G, which' we'may- call his natural parts. But. three” of 
theſe parts, Which'are furthelt from the quadrantal fide , namely,, 
the fide G A,and the angle GC A D; and the fide AD, we account as 
the complements of the ſame parts, and ſo note them by their coms 
plements.: - As complement G A, complement GAD, or DAB 
(which is all one!) complement A:D. . The other two angles A D G 
andDG A, being next to the quadrantal fide, are not noted by'their 
complements. And theſe five parts thus noted or accounted, he-calls 
the five Circular parts of a quadrantal triangle. Namely, complement 
 'AG,2z2 AGD,3G D A; 4:ccomplement A D, 5 complement D AG 
SODAS > 5neidl0 £1 7 oe moo accom £=0] 
Now of theſe five parts, two are always given'to-find a third; and 
of theſe three one is in the middle, and the other twb are extreams, 
either adjacent to that middle one ,, or oppoſite to:it. As in the 
friavele'A D B, A'B'and AD lying next to the angle DAB, are 
ſaid to:be adjacent 'extreams to A; and for the like reaſon, the an- 
T5 LIT 2les 
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$ BD A and BAD, are extfeams adjacent to the hypothenulal 
AD, and ſoare AD, andD B, toD; and Dand AB, to DB: and 
laſtly, D B and A to A B; for the right angle at B, is not reckoned a- 
mone(tthe five circular parts. So alſo A B and A, are ſaid tobe 0p- 
polite gxtreams to the angle A D B, becauſe neither of 'them are'ad- 
joining to it : alſo A and A D, are oppoſite extreams to DB; AD 
and D,to AB; DandDB, to A; DBandABto AD, 

And the like is to be underſtood in the quadrantal Triangle DAG; 
namely, that the angles at D and A, are-xxtreams adjacent to A D; 
ADandA4G,to A; AamndG,to AG: AGandD,toG,;Q and 
D A,toD. and inlike manner A & and G, are oppoſite extreams to 
AD: Gand Dto A; Dand AD,to AG; ADand A,to G, A 
and A G to D. 


I. Fundamental AXIOM. 
Of the five circular parts in a ſpherical Triangle , right 
angled or quadrantal. 


+ He ſine of a middle part with Radins, ts equal to the tangents of 

the extreams adjacent ; or to the fines complement of the oppoſite 

extreams. __ | 

* Underſtanding by fines and tangents, the artificial fines and tangents, 

that is, the Logacithms of the natural fines and tavgents. 

For, 

As Radius, to the tangent of one of the extreams adjacent: ſo is the 
tangent of the other extream ad Ronny the line of the middle part. 

| And, . WAG Ss | | 

As Radiur, torfive coniplement'of-one of the vppoſite extreams: (0 

- is fine.complement the other- oppoſite exticam, to the fine of the 
middle part.- -—. | 

- The demonſtration hereof, he hath briefly ſhewed in his Book of 

- the uſe of the admirable Table of : the Logarithms: and we more ful- 
ly at the end of this Book, Therefore wewill here only illuſtrate it by. 

Examples, as followeth, -- > 1 en ln 799 | 
In the right angled Triangle AB D,-we have ſhewed before how 

AB and AD areextreams adjacent ta the angle at 4 : andthat AD; 

as alſo the angle A, are noted by their complements. Therefore bl I 

m1 G thi 


#=/ Moe 
£5 


44 Trigonometrie, 
© this Axiom, the fins of the complement of the angle at 4, added: te 
adius , is equal to the tangent of ' the complement of eA D, ad. 
ded to the tangent A B, which we may | 

briefly expreſs thus. / 6. A4-Radius= - 
ic. A D+-t eAB: whichisas much as . 
to ſay, ſine complement A, more Ra- 
dius, is equal to tangent cemplement 
A D, more tanygent A Þ; this fign-t- 
Genifying more , or addition, this —= 
equality, this—le(s, or ſubſtraRtion z as . - 
we have before noted upon the third 
Axiom of plain triangles, - ECE- 


Now admit Then is 


| | AD 74 deg-503te 9.4330804-__4 70 deg.oz' 03”55.9.5329939 


A 5 FI. 3238 10,0999I35,  Radins . 1... 1020090009 


19.5 329939 OWING, 19.5 329939 
Here the tangent of the complement of A D, being added ta the 
tangent of AB, the ſum is 19:5 32993953\> alſo thefine of the comple- 
ment of \e A,added'to Radime;the« total is 19!57429939;a5 the other ; 
and here the angleA is 70 deg. 03%,02",35"%,but we neglect the thicds. 
Again (by thelater part of this Axiom )the ine of 'the-cotgiplement of 
the angle 4 DB,more Radi2e,isequal tothe fine of the woke at , 
more the fine of the complementof the fide 4B, which we expreſs 
thus: ſc D-+-Rad.=s A+ſe: 4B; which may thus appear. | 
| —_— "Ss 


A 70deg.03' 03"; 9:973H25$.2 D 54fegur's 8 feegen6695 76 


AB 51 32 90"; [c:9.793 8317-1 Badiaan 261 361 Df ':0.0006000 
Y os - 19.7669572,1 . + 1 7+. 19.7669572 
Sealſo { by. this Axiom}. inthe quatttatitaltriavgle 4D G , the 
ths tangent of the complement of 4G, more-theitangent of the 
complement of A.D ; whielwe expreBthis: ſo A+ Rad.=rc AG 
-+- 16 A D;, nhich may:this appear. 0! oh 
v0 : f thermos US I LON SIG he 5G 2h Nie 5 
e121 w Admit 
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Admit op 
eAG 38 d.28te10.0999135 4A 70deg.03%03" ſc 95329939 
AD 74 5ote 9.43 30804 . Rad. |  10.0000000 


1945329939 - 19.5329939 
And the like is to be undertiood of the reſt,as by this Tablc follow- 


ins may appear, 

COW - Or inſtead of the ſecond, we may 
I s D B+ Rad = :AD+$3 A ſay 2 ſc Aj Kad = ſoDB-+:D 
2 ſc D + Rad=ſceAB+ 5.4 And inlike ſort , he that lifterh, 
3/c AD+Rad=ſcD BY ſe AB may ſer down the equality'of the 
4ſc AD+ Rad=rs D-+tc A fines and tangents of the other 
5 ſc eAriRad=r AB-+tcAD ſides and angks; and ſo there 
6 5s AB+Rad =tc A+tDB Will be.1o of thele , of every of 
7 | Q25s.t + which,according to the things gi- 
ven and required he may miake-3 caſes, and io 30inall, anſwerable to: . 
the ſeveral poſitions of the letters; as is done by the Honourable 
Lord Nepair : If in ftead of the equality of the two terms 6n the one 
fide of the Equarion,to the two terms on the other, you would expreſs 
the proportion of the four terms,ie ſufficeth-to put the-terms recipto- 
cally : as whereaSin- the firtt it is ſaid s D B+ Readies = £ AD t+- 
s A, we may put the terms reciprocatly, and ſay,' as Redias, to fine 
AD, ſo is 5 Ato 5 D B,or as Kadimstos A,fois 5 A Dios DB, 
putting alwayes the term which is ſigned with the tcrm required , for 
the fit number in the rule of proportion, and the two terms that are 
on the other fide of the Equation, the one in the ſecond place, and the 
other in the third place of the Rule of Three. But this may here ſuf- 
fice; for to theſe may the ſixteen caſes of a right angled ſpherical tri= 
angle be reduced, namely, 3 to the firſt, 3 to the ſecond, z to the third, 

2 to the fourth, 3 to the fifth, and 3 to the fixth. 
As admit there were given the hypothenuſal A D, and the angle at 
eA, and required the fide D Bz then by the; farkt, ſeeing that s AD + 
s A, isequal to «5 D B + Rada, Therefore-if from the ium of the 


fines of eA Dand A, we itubſtraRt Kadinv, the remainer is the fine 


of DB, | 
Secondly, admit there were given AD and D B, and required 
the angle at A,then ſeeing s D B + Radius = 5 A D-+ s A; there- 
foreif from s D B-tRadius,we ſubſtra& s A D,the remainer is s A. 
G 2 Or 


Trigonometrie. .. | 


* © Octhirdl zif there were given D B, and the angle at oF, and re- 
- quired the hypothenuſal £ D; then foraſmuch ass D B + Rad, = 
* seAD—+5 A; therefore if from the ſum of 5 D B + Rad. we 
” ſubfiract 5 A,the remainer is s AD; and the like is to be underRlood of 
For if from equal things, we take equal things, the remainers are 
equal. 

: Aif S+10 be equal to 9+7 ; then if from 6+-10,that is,from 
| 26, we take g, the remainec is 7; orif we take away 7, the remainet 
189, Oc. : AT | 

E - So.alſo.in.the quadrantal Triangle 4 D G ( whoſe fide D@ is a 
quadrant) the equality of the artificial Gines.and tangents of the parts, 

is ſuch as here appeareth. 


1s G+Rad=s Ars AD And to theſe 6, may the 16 
2 ſc eAG+Rad=ſc. D+s AD cales,of. aquadramal Triangle 
3ſc A#Rad=ſce G+-ſ6 D bereduced,in ſuch ſort- as we 
45 _G+Rad=irAG+: D have before touched: in. right 
5/c A G+Rad=trc. Ate G angled Triangles, and ſhall 
6 ſc A+tRad=tc A G-+tc AD further manifeſt in the Table 
following, though we do not in 


” allplaces retainthe ſame letters, 


- - But becauſe the work being thus ordered, would for the moſt part 
be performed by ſubſtraion, whereas it.is ſomething, eater to add , 
than to ſubſtraR; therefore you may inftead of ſubſtraRing a fine or 
tangent, add his complement arithmetical, whereof we have before 
ſpoken , and ſo the work may be conformable to theſe Tables follow- 
©, ing; whereof one ſerveth for right angled Triangles , the other for 
©  quadrantal. 


In the uſe of theſe Tables, you-are to mark the things given and re- 
- quired, with the letters in-that Caſe given and required ; and you 
- muſt cut off from every ſum, Radivsor 1 in the firft place towards 
- th left hand; for indeed.s A B-+# A, is equal : O'B + Radius, 

and ſo of th2 reſt ; except where you have the complement-arith. 
of a fine, as your own reaſon in the uſe of this Table will direR you. 


*. 


An 


Ce a —— + IR 208: 4": 


Ld 


he 
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$f. 
or 
pun 
Cd > 


An Exemplary: | 
of the reſolution of the 
ſeveral Caſes of right an- 


. oled iphenical Triangles. - 


Shy | Operation oc Equality. 
XBbe © KBfe A=8e-D 
A[D cs ABrjis Aa.vfn 

Aly ACRE R 
DB Þ 1-0. ar, os DBfs ADs 
p E450 &is' Ats DBcoz A 

AB t Atjre DB—s Al 
ADIAB $6 Att AD=74' Af 
A |D s ADfs A=sgD 

D ic ADfe A—tc 
A BAD) © $6 DBfsc ABD A 
DBla| +-£ ABtiAD=r An 
ABDB7o. ar. 3c. ABtic ADSZ5c DB 12 


t. ABFicAD=—xc - AÞ3 
ADtDB=2- A 


A £0. ar. 8 
A jD Bo. ar. s 
D [aD/ | 


- 


D#Þsc ASZu D 
tc. Dfic' ArK,AD46 


4 


A 


/\ 


D 


| 


=t 


In all theſe Caſes, the argle given is 
marked with A; or if none be given, 
. theangle required is marked with A. 
thz right angle with B; the hypothe- 
| huſal wth A D; 


Gly ww laws ww 127) 


TAn Exemplary Table 


| drantal Triangles, one of 


of the reſolution of qua- 


—_- 
= e 


' * Whole" fides is a quadrant. 


| 


2 Operation or Equality. 
AG $c AGfje A—=e G 
A 5 IO 5 ASSESS 
i Att AGErAD 
4.[D}4.a.% Gftf AX D 
G | ipjſ(0.ar.5 Afs G—8s AD 
RK 477 5 GX 
AG £ Ofe AO 2 
G &AGfic G==r A 
LY s AGts G=rcAD| 09 
A o\T 8 AGO: D220 
D (0.0458 AGfs D=z=; 4A 
'6.ar..5  Dfsr AG =« AD 
"tcAGtHtr AD — x5 Ali 
0, av. s AGfsgcr AD=x Git, 
| 5s Djs G==xsxc A 
s  Gfic D=tic AG 


D 


G: 


in all theſe Cafes, the quadrantal-ſide 


marked with D G, and the — 
angle with A. | 


_— 


_ ters not Which ) the bale, and the other the perpendicular, 


—— 


TC... 


by 


"7 and thus weave etedin theſe Tables, the Equality of the arti 


ficial Sines and Tarigents of the things given and required in all ſuch 
ſpherical Triangles as have cither a right angle, or one of their ſides a 


| "quadrant : Butif you deſye the proportion of their natural fines and 


tangents.; itis 


As Radius, to the firſt of the three ; 
ſo is the ſecond to the third. 


Except there be the complement acithmetical of a ſine, for then | 


As that fine is to Radius : | 
ſo is the ſecondin theſe Tables, to the third, 


, Example of right angled Triangles, 
1 Caſo." 5 AB; i=t A =t DB. 
Therefore, as RaCius, to 5 W»; B: ſoteAtot DB. 
5 Caſe. Compl. Arith. 5 A+ 5DB=$ AD. 


Therefore, as 5 A to Radius; ſosDByto 5 A D. 
/ And the like is to be underſtood of all the reſt, 


k 


Which that you may the better perceive, 1 have/here added in ex-! 


pres words, the Canons or Rules of" the proportion of the_ natural} 
SineS and Tangents of the things given and mp in every -of the? 


16 Caſes of a right angled ſpherical Triangle { and the like might be 
done for Quadrantals ) all which Rules (as may eafily be perceived ) 


d-pend upon the fundamental Axiom before geing,and the Corollary | 


of the third Propoſition of the ſecond Chapter of plain Triangles; 
and here the fide ſubtending the right angle, we call the hypothenuſal, 
the other two containing the right angle, we may call 6mply the fides; 
but ſor farther diinRion,we call one of theſe containing fides(it mat- 


The 


| 


| 


The baſe and angle 


endieular 


perp 


The 
IV, annl.. Pare 4 | OF 


"The hvpothenuſal, 
Þ©o _ aneblo .co ot. of 
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The baſe and hy- The baſe and 


gles at 


The an 
Fm RTM! 0 


the Second Zodk, * 49 | 


v The perpen- As Radine,to the ſive of the baſe : ſo is the tangent of the 
Ez 2 por We” angle at the 5/4 tothe tan 470, of the tenget oft 
= ® Y2.The angle at As Radime, rofine compl. 1 the iſe: ſo ts ſine the angle 
"2=Cthe perpendic.” -«t the boſe, to ſngeoomp! . the angle at the perpexdic. 
EZ v 8# 3, The bypo- As Radire, to hang 6 at the baſe:ſo u tang. 
- "_ thenuial; '* conopl. the baf _ bang; "img the bypothenuſal. 
B* LY 7 4.The angle at As:ſene yk ho verpendieular, to Radim:ſo fine on 
Eh 5 x perpendic.' the angle at the baſe; to ſine the angle at the _— 
| Es 2 J5. The hypo- Arſe: the any le at rhe. baſe,to Rad : ſow rt ne of 
| Ef thenuſal...- : the perpendiculan\tothe'fine' of the O——_— al. 
W246. "ny baſe. ' Hs Radind $0rang comp. the-angle at the baſe * ſo ts the 
> -Jas , Fangent of - the 6s to the ſine of the baſe. 
EY /7: The baſe. | As, Kelis ro {en th angle at the he fo ts the 
BE tangent of 0 ' othen WP bogs pang ent :of the baſe. 
£88 \8, The perpen- is Kadiu,to wy f rhe bype own al : ſo # the ſine 
[Ko dicitat * "of the angle words e,to 7; ſine of the prrpendic, 
==> /9.The angle at [fr Mie, fine comspl. he hypothenuſal : *f o tang.the 
7: {hy a perp-ndic. __s at wo baſes fo Laxg. _ the angle « at the pery- | 


2.42 - 10. The hypo- As Rabin ko þ ne compl.the nediculth Ie F Ine com l. 
4: 2 Jthenuſal, the: beſe; fo frown hs othenuſal : F 
£ $.. YLt+ The angle As Radrrs,to the five of the baſe © ſo thrrangent compl. 
5 29 (at the baſe.”. :::wof the perpendir ets ang. Dag the angle at the baſe. 


Sa. 32+ The por fs fone com [:the baſe,to Radig; fo ſine eompl. the hj= 
wy Lo pris, i hennlalato fine comp. Fg perpendicnler. . 
 _&S The angte As Radins of the'tangent of the baſe : ſo m—_ compl. 
 L5-g Yatthe. baſe. tht by Gel, 40 ſine compl, tbe angle-ar the baſe. 
! ©3 (14: The angle As the 7 a bypetbenuſalyo Radic - fo 4 the ſine 
3 £8. atthe perpend. of the We toi ſin xc the #4 at the perpendicular. 
i & «& 


pendicular.. -* eo apt. the angles PA Nos Ine Compl, perpendic. 

As RAdING; to tan len L.the angle at the p rpendi- 
16, The hypo--"oen/er'; ay tvey romp Brent tictngls at IB? baſe, 
thenulal, .  $oflne complenzent rho 


WEIL S 


PB 6 RO Pu RS AIES 

The angles at 
pe 

given * to find 


._ the baſe & 


: os pers" 4dr rh avg It &1 plot like qd2ſo ſine 


And 


- 


SEADTELY 
(VI TVG 


- cs the fine of the baſe, is ts Rading : (o 
enlar, to Fangrmtthe angle at the baſe. 


5O | . Trigonometrie.. 
And becauſe by the third Prop. Chap. 4- of plain-Triangles, 
As the tangent of an arch, F ET Mat 
.&s to the tangent of .anather arch< . Ws. 5: 
fo is the tangent of the complement of that other, 
tothe tapgent of the.conj at of the former. 2 
And by the Corollary of. the firktPropofition of the ſame Chapter, 
' Rading ts a mean proportional between the tangent of an arch, 
and the tangent complement of the {ame arch- 

.. ſo that 4s Kadins, 15 to the tangent of an. arch : 
| ſo ts the tangent compleneent of that arch, to. Radim. 
Therefore it any men dehire either for variety, or conveniency, to 
altec-the Propoſitions wherein there are Tangents, he may eafily do it, 


As inſtead of the firſt he may ſay, 


As the fine of the baſe, is to Radins : ſo ts the tangent complement of | 
the augle at the.baſe, to the tangent complement of the perpendicular. | 


On — © 2 ER ONE 
As fine complement the angle-at the baſe, to Radins - ſo th the tangent 
of the baſe, to the tangent of the hypothennſal. 
| | For-the fixth, 


» 


| As tangent the angle at" the baſe, to rangent the perpendicular : fo « 


| Radines; to the ſrae of the baſe. 
| Far the ſeventh, 


eAHs ſinecemplensent thr angle at the baſe, to Radita': fo tangent com- | ; 


plement the hypothenuſal,, ta tangent complewsent the baſe. - 
For the ninth, 


As fine complement the hypathenuſal, to Raine : fo tangent complement | 


the angle ar the baſe, totangent the anxle gf che peryendicular. 
Tt 
4 the tangent of the perperds- 


'-* - For the thirteenth, | 


> As the tangent of .the þypotbengſel, to the gangent of the baſe : ſos * 
n '6 he eſe. . "s 


tn Dat = . ; \ : 
Radyoha, to fine comppleneent the wngle wt t 


» *\i.\q4 Fox - the ixceenth , - > 


| Wor ange ut the av leh the haſe,totangont compleneent the angle at the | 
perpendignlar : ſo 5 Ragits, tofine complement the bypathcmnſal. 
A ls Many 


D_—_ f 
« 


| 
| 


Sb en 


Oo OE EY td tongs 15 


Raw TOR 


Many other wayes might theſe Propoſitions be varied, by the fore. 
faid Corollary, and third and fourth Propofition of the fourth Chapter _ 
of plain Triangles ; and not only theſe, but the reſt wherein there are 


only fines, are varied by theſe, and by the ſecond Propogtion of the 


ſame Chapter; the varieties thence arifing being very abundant,and of 
eat uſe, I rather leave to your own pratice at your leiſure, than 


10 F 
' beſtow further time therein. 


| CHAP. Ill | 
Of the Caſes and Queſtions incident in every ſpherical triangle, 
- right angled or quadrantal in general. And of the examples 
of the ſaxteen caſes of a right angled triangle in particular. 
V* come now to give examples of every of theſe caſes in the 
\_V__V reſolutionof ſome Problems of the Sphere, And ſuppo- 


Srqghabmere) 7 


Jt 
fins the Reader to be already acquainted with the principal drcles of 
the Sphere or Globe, we will forbear their definitions, 

LerG MN B, repreſent the meridian of the place, L K,the Equi- 
no&ial,HP the Ecliptick;V che points'of Aties an Libra ; A the 
North- pole, O the Scuth-pole, A O the axis of th2 World. ; ; or meri- 
dian of” the Sun at fix 2 clock; M B, the Horizon, G,, the Zenith. N,the 
Nadir,G N, the azimuth of kaſt and We, or the firft vertical. F D, 

- a paralle{ of decjination, ADO 
Note. AU che inward arches are indeed a9 ar@h bf © meridianpaſſing by the 
Go this tos of pre] Pe Ne ADR center: of the San w his. ring or 

«hora ſetting. AE Oy the meridian of 
them cireu {oalfo theydo \uſh- ) 
cicacly —_— the thin? yincended, | the Sun being i in the Eaſt or Weſt 

azimuth, A E © the Suns meridian 
being at F, G D.N, the 2 uns 4: azimuthat his rifing, G C N, the Suns 
azimuth at ix of the clock, G F Ne: Suns azimuth being at F, 


Here then ace Several | ſpherical gl reddagles, ſorne Tight angled, © 
ſome qadtat, and ſome —_—_ argſed, 
' B, the Poles owieian, J | 
it ego phoſ* the Swns Fe ul ation. C 
"WE bt right om Ons ain from | the North; oY And of the like 
angled Triangle \or 1hie co [. of - the amglends complements, are 
ABD,/right an-J D'A B, the wr from midnight, or the & made the Qua- 
= we $2) comp!. of the difference f aſcenſion. _ og: gle, 
pmate @ un at D) AD B, the compl. of the Smns angle of right a » wm 
br tron,or angle of bs meridian,with angle; Y TÞ. 
#\Horraayt J 


FI F, the "a lace » or diflance fromY 


: led the ow Equinottial potur. Y 
rage Oe Mn Ter iy, | A 
right angled "at | $I , the Suns Sy ation. | complements » is 
Q(luppoſing the Þ Q Y F/the an of the. Ecliptick,and made the - qua- 
Sun at F) IS made Equinotival, i | drantal Triangle, 
of | QFY, the angle gg Suns meridian | Ve 
I 1th the Ec EcDperRe J 


BD - 
” 


Y» The 


parts, \or their” 


$4 TIS 
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«1. noted CY. G3 £6 SAT Real tnatron, Tn 

Liga Dn i CR\the Sans beight at the hour of 6 Tag _ 

right angled XR & Y Rat he ONS azumwrh from E aſt or complements, is. 


(i we fuppple theD » © Feſb. or the bonr.of 6, 1 Made the qua» 

ths at'©)s made | Y. R'ache Foes 0/kvation. /. * F age. 
on V1. CRyche angle. of the, SHS5 poſitron oF ; 

The 'right, angled S E, the Suns declination. . And of the like 

Triangle Y'SE, SY, che howr from 6, , pats, cx ; their 


right angled at Y,..- by A j - complements , is 
STE we Hani YEythe Swss height being Eaſt orWeſt now que quia 
the Sun at x) 84> Y E, the Larnnde. — V\dramal Triangle, 

niade of S EY, the angle of the Suns poſition. JV EA, | 


«#6 a. of. on. tt. W 


70 © Trigonomeirie, 
The oblique . angled 4G A, the complement Hl the Poles elevation, 
triangle AGF,having | F A, the complement the Suns declination, 
neither = angle, | G F, the complement of the Suxs height, | 
nor: any fide a qua-e G AF, the angle of t e hour] from 00n, 
drant (if we ſuppoſe } AFC, the angle of the Swns poſition, © 
the Sun at F) is made [ro A, the azimuth of the Snn from the 
of \ North part of the Meridian, 
Other triangles are repreſented in this Scheam, but theſe I thought 
000d to note, to give occaſion to young Beginners to exerciſe them- 
ſelves. © TRIES 
; Now-we will Chew the ſolution of one of the right angled triangles, 
namely, AD B, alſo of the oblique angledtriangle A G F, whereby 
you may underttgud-thehke-0perayion in all others. 
nn CT The amplitude, or Suns azi- 
The Poleselevation and hour of Jyn- wth of bing or ſetting. 
r ifing or ſetting, given ; to find . The Suns angle of poſition, 
. C3. The Smnns declination. 
Let the Poles elevation be F 1 deg. 32", : 
The hour from miduight 4 ho. 4o' 127, 
Which converted into degrees, is 70 deg. 03'. 


Caſe 1.For the amplitude,or azimuth of rifing and ſetting,DB. 
Says AB+Rad=rcA-+e DB. 


Here inſtead of ſubftraQting tc A, we add its compl. atith. which is 
; A, and w work as followeth : | 

Poles elevation, AB51 deg. 32'. sAB 9.8937452 

Hour from midight , A 70 "Oo 3 FA 10.4401146 


Suns azimmth of ri-2 Es youedumn———g 
ſong and ſettin J 5 DB 65 08 tDB 10.3338598 

T bi & not full 65 deg. o08' ; but wants abort a third part of a mi- 
wite, 07 20", 45 Jon may find by the part proportional, works we 
have before ſhewed, Chap, 2. SR. 8. 

And this '6 5 deg. 08; «the complement of the Suns amplitude from 
the Eaft or Weſt northerly, or the Suns a&immth from the North part of 
the Meridien, becauſe the Suns declination 1s Northerly « otherwiſe it 
were his azimuth fram the Sonth, if the declination were Sextherly ; as 


you may underfland by the foregoing Scheam turning it upſide dows. 
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" Ani wheres it is ſaid, Hour from midught 70 deg. 3', it # to bt 
wander ſtood, the hour converted into deg. and win. which « done by allow) 
ing 15 degrees for an bowr, aud one degree for four nmunntes of time” 
and 1 5 minntes of a degree fot one minute of time, Kc. Or ſaying by 
the Rule of Three, If , one howr, or 60 mines. give 1 5 degrees, wheat 
"gives the timme propoſed ? and ſd the contrary * F Jou world convert de” 
grees into hours, ſay, If 15 degrees give one hour, or 60 minutes of 
#11me, what gives the degrees propoſed ? | 
Note,that for-your eaſe in reſolving 
queſttons, whether 1n plain or ſphzri- 
cal Triangles, it will be expedient: to 
mark the things given and required, as 
in this example, where the fide A B, 
and the angle A being qiven;are Each 
marked with a daththus — ,and the 


fide- required. DB, with an o, of cy- .. 
| Caſe 2. . For the Suns angle of poſition. y 
| Say 55 D+-Rad=s A556 AB. "40 
Therefore the operation is thus. 
Poles elevation, ' * AB 51 deg. 32' 56 AB 9.7938317 3 
Hoxr from midnight A 7a. oz s A ' 9.973T23 36 p 
Suns angle of pofurton2  - '  —— | 
* the complement of > "v3 47 5D 9-7669553 


Which 25 deg. 47 isthe angle of the Suns poſition. 
'. Caſe 3. For the Suns declination. 
nn © * Sayss AtRad=tAB+—trcAD. 

Here inſtead of ſubltrzting e A B, we add its compt. arith. which 
i$ ts A B, and the like is-to be underſtood in the reft that follow. 
Hour fron midmght A . 7odeg.oz' 5s A 9.5330090 
Poles elevation AB 51 32 ftcAB 9.,gooo865 
Suns declination *WÞ 2 oo Nel ns 0 4. 

the complement of Ss (AD 15 10 te AD 94330955 
Which x;5 des.10' is the'Sunsdeclination towards the North-pole(or 
elevat&pole }) becauſe the hour from midnight is leſs than fix ; if 
It were mare than fix, the declination ſhould be ſoutherly ; as is 
evidentby the Scheam before going turned upſide dow, * 


CY 


— — 


After 


$6, uy (wen: — 
© After the. fon of theſe. ree examples : IF there were given the 


vation, the howt oY. rift 't or ſenhe; and'the Suns Leellbdrien x and 
He, Jou may kt 1 the  Pacind, T EIT] ander 


if you' «rhe. exemplar Taq 
by T ts OY <f 
The amp keude..6 or "piowth'of " The angie bf piftron... 
the © unpſiaks or ſettpg x69) 4 The Suns fin o 
the hour « oiven: to find 6. The Pules elevation. 


w» v ITE 


e North ; 


Hs = — 
Angle of poſition compl. D 35.. 46 s D 9. 19092347 


This s D, 9.9092 347, gives an arch or angle of 54 des. 14”; which 
is the angle that the Suns meridian makes with the horizon ; but the 


angle of the Suns poten is the colnplement —, namely >355 


deg. Ry 
- Caſe 5. For the Suns declination; 
Hony of Sunerifog A 7odeg.oz'. ce. ar. 5A o. 0268764 
Azimuth of __ DB 65 03 5s DB9.9577455 
Suns declination compl.. AD-15 10 _ .- $ AD 9.9846219 


Here '(aswe noted: before) the arch anfvering tas A D 9. 98462193 
is 74 deg. 5 0', but the'Suns declination is ihe complement there- 
of, that's x 5 deg, 9, and fo of others, | 


Caſe 6. For the Poles elevation... 


Flour of Stn- 15 bug A .70 des. 03 "tc A. 9.5 5988 54 
Shnis azimuth of riſng DB 65. o8 .£ DB | r0.3339712 
Poles elevation AB 51 33 5AB _ 8938 566 

IF : WE a | '-— Thus 


te azimuth of the Sun at his riling or ſetting be 65 deg. os 


ens (from midaight) 4 ho, 40 12, Which con- 5 


A 70 o©03 a K 9:533a6ys . 
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Thus DB being 65 deg. os, we find A.B.tobe - "FH deg. 33 buc if 
we ſhould take D B to be bur 65.962. 7 49. 248 before we found 
It, _ AB the Poles clevation, 'woul be but. 51 deg. 32, OL 
befo 
And { of ierrhe form of Yate three ex gp) i. there pero grer gives 


the Poles elevation; znd the angle df the Suns po tion, we m'ghÞt 
the: hon” of - Sun-rojmy, the Suns declination, and the amplitude or Ft 


—_— 3 The Poles tleveri 
4 ion. 


The Sis Jeeficaridri 2nd the hoks of Thr amylitude, or” "the Suns 
theSugs riſing or ſetting giverta find 4a-immth. 
9. The wagle of poſe TIL 
Let the.Suns declination be- 15 th Lg 


The hour of Sun-tiling > 
Which cotiverted' ore sg 3; 23400 9, 


wo 
mn 
«dT - 


Wy 
>,» Caetin For the Poles devati'r. >; 
How of SMv- riſong, . 70 deg, o3” ic A 9. 5330090 
Sint declination _—_ AD IS -,- & AD. 1945 6694 96 
Poles elevation. | AB, $M. : AB, 10.09992 86: 
: Caſe 8. To find the Suns azinhuth.. 
Swns declination consjl.. 04 2 0 5 deg. of L AD 9.984663 3 


Hour of Sun-riſin 0 1.0385 A 9. 
Suns Ee Prefuks north fe js . a KINe 
Patt of the meridian * Fo» B 65 + 08-1 D'B--9:9599 7269 
complement hereof 124 4 eg. 52 is the amplitude of the Suas: 
rifin3 and ſetting from the tand WeRt mi" becauſe the de- 
| Gination) is odrtherly TETRA 199 i 


I; 3ud : 


Cale 96: Tofind! the ane the Gum: polio: ; 


Suns declination compl. —B D I 5 deg. 10 « AD 
. 9.4176 837 
Hoar of . San-Trifng 4a HA x Bo 3 A F0:4401 146 


The angle of poſition Rn d* "I»" 47 - #3577903 


SS Trigonometric, 

%. 

And ( after the ferms' of theſe three ex- 
 amples) if there wete given the Suns de- 

* rlination, and the angle of the Swns poſition 

at his riſing ,we might fipd the Suns azimu:h, 

- the Poles elevation , aid the howr of Sun- 


riſing. 


D 


 Plitude of Sun-riſing or ſetting 
_ given: to find .. | ; ſetting. 

Let the Poles elevation be 51 deg. 32.. ; 

Suns amplitude of Tifing and {ctting 2.4 deg. 52 northerly. 


-{Caſe 10,. To. find .the Snns declination. ' 
4 * c ** b : - SW +. ' dw. » we b, 


"The amplitude ic the 0 Ra dds et: DR »- 
Toplewene of >.'DB 2:4 des. 52" «DB 9.6237743 
Poles elevation, ABS1I 32: 6AB ©. 9.7938317 
Src eclination compl. AD 15 ' 10 3AD * © $.4176060 
This declination's 5 deg. 16'isnortherly, becauſe the ainplicude civen 
1s northerly ;..and when the bne is ſoutherly, o is the other. 
_ Caſe 11. To find the baur of Sun-riſing aud ſetting, 


| Poles tlrvation,. AB 5i degi32's AB 9g.8937452 
Sins amplitude cormp!. DB 24 © 52 tc DB'  9.6660287 


> —— 


Hour of Swn-riſmg. A' St «+ 03 "te A + 9:3597739 
Which 70 des. 03' converted into time, is 4 ho. zo! 12, which: is 
the time of Sun-rifing ; but if the amplitude had been ſoutherly, 
the arch thus found dad can the-hour of - Sun>ſettins, 48'is-evident 
by the firſt general Scheam turned upſide down, =. 8 
S Ard after the fermof this laft exa eple we ms" ht by the ſaws this , 
£:ven, find is the Suns <_ ; _ < I w 
: d J Th &; i SES TREE 8*4\23} 19 (TE 'The 
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The Poles elevation, and am-F10. The Swns declination. 
L3»'The hour of Sun-riſmg, or 
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The elevation of the Pole, andG 12, The amplitade. 
declination of the Sun given :< 13. The howr of Sun-riſmg and 
to find ſetting. 


Let the elevation of the Pole be 51 deg. 32, 
Suns declination northerly r 5 deg. 10', 


Caſe 12, To find the Amplitude. 


The Poles elevation, AB 51 deg.32'co.ar.sc AB 0.2061683 


Suns declination compl. AD15 IO 56 AD 9.4176837 
The amplitude, the cons- as 
plement of © B 24 52 5c DB 9.6238520 


And this amplitude 24 deg. 5 2 1$ norther- 
ly, becauſe the Suns declination 18 not-. | 
therly : That is, the Sun rciſeth 24 deg. A 


52' to the northwards of the Eaſt, and 
ſets as much to the northwards of the 
Weſt. When the declination is ſouther- 
ly, the amplitude thus found is ſouther- | 
ly, as may appear by the firſt general 
Scheam turned npfide down. bY B 
Of the amplitude thus found there 1s 

often uſe made at Sea, for finding the variation of the Compals : which 

is done after this manner, if you do it by the Compals. 

Suppokns the circumference or outermeſt edge of the card or flie 
of the Compaſs to be divided into 360 degrees,and the points of the 
Needles to be placed dire&ly under the Flower-de-luce, or North 
and South points : you are to obſerye at Sun-rifing or ſetting,how ma- 
ny degrees the Sun is from the Eaft or Weſt points of the Compaſls, 
which number of degrees; if they agree with the amplitude found by 
this PrapoGtion, asis before ſhewed, and be on the ſame fide, then 
hath the Compaſs no variation : but if they differ, look how many 
degrees that difference is, ſo much is the variation. 

As for example, admit I find the amplitude ( as before ) to be 24 
degrees, 52 minutes northerly, then 1 know that the Sun Tn = 

[ alto 


almoſt 2 5 degrees from the Weſt to the Northwards, but obſerving at 
Sun-ſetting with my- campais, admit I find it to ſet but 1g degrees 
from te W<R- point of \my, compaſs to the Northwards, then hereby 
I oathef that the variation of my Campals 1s almoſt fix degrees. '\And 
thus you may find hoy much the variation of the Compais is. Now, 


To find which way the Compaſs varieth, 


If the degree of the Compaſs, which ſhould directly reſpe& the 
Sun at his rifing.or ſetting ( namely, the degree: of amplitude found 
as before.) be more towards the right hand,than the Sun-rifing or ſet- 
ting, the variation is Eaſterly ; bur if it be more towards the left 
band, the variation is Weſterly ; becauſe,when a mans face is towards 
the North, the Eaſt is en his cight hand, and the Weſt on his left. 

As in this Example, I find by the amplitude, that the Sun ſhould 
ſet almoſt 25 degrees from the Weſt point of my Compals northerly; 
but ſetting the Sun, I ſee that the 2 5 degrees of my Campals is more 
towards the right hand, than the place of, Sun-ſet ; therefore I con- 
clude, that the variation is Eaftefly. 

And thus is the variation of the Compaſs found to be al:roſft 6 de- 
orecs Eaſterly, ſo that the North point of the'Compaſs ſhews. not the 
true North, but points almoſt 6 degrees 'to the Eaſtward. of .the 
North, and conſequently all the other points of the Cotnpaſs dice 
more. toward the righthand than they ſhould do,almoſt by 6 degrees; 
and the like in all points is to be underſtood, if the obſervation had 
been made at Sup-riſfing. | | 

Note. Itis fitteſt to make theſe obſervations when the Sun ſeems 
tobe a little above the horizon, namely,when the lower edge of theSun 
feems atmoſt to touch the Horizon, for then the Sun is in the horizon, 
though by reaſon of his refra&ion and parallax he ſeem to be above it. 


Caſe 13. To find the hour of Sun-riſing and ſetting, 


Poles elevation A B 51 deg. 32 e AB T0.09991 35 
Smns declination compl, AD 15 10 tc AD 9.4330804. 


Hour of Sun-riſfng A 750 035c A 9:3 329939 


This 70 deg. 03 converted into time, is 4 ho. 40' 12”, which is the 
£* IM | tims 
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time of Sun-rifing after midnight » butif the declination had be®'s 
ſoutherly, this 4 hd, 40-12 thus feited, had begn the Hme of Sun- 
ſetting after Noon, as may appear by the general Scheam turned 

upſide down, CEE oY - ES eo 
: Arid after the form of 'this laſt exarpte, if there were given the 
azimmbh of the Suns riſing or ſetting and the Suns decliuation,we might © 
find the angle of the Suns meridzan with the horizon © or the Poles ele- 
vation, after th: form of the laſt but one, 


Caſe 14, The Declination of the Sun, and his azimuth of 
riſing and ſetting given : to find the hour. | 


Let the Suvs declination be 1 5 deg. x of northerly, 

His azimuth at his rifing or ſetting 65 deg. o8' from the North. 
x . To find the honr, 

Suns declinat.compl, AD1y deg.10'c. ar. $eAD 0.0153967 

Suns azimuth . DB65 068 sSDB 9.9577455 


Hour of Sun-riſing. «A 70 03... - $f - 9.97 22435 
Which 70 deg.o3' converted into time,is 4 ho. 40' 12”, the hour of 
Sun-riſing : but if the declination had been ſoutherly , this arch 
thus found had been the hour of Sun-ſetting, 

And after the form of this example, if there were given (as inthe 
thirteenth Caſe ) the Latitude, aud Suns declination, we might find the 
angle of the Suns poſition, or the complement thereof which u the angle 


of the Suns meridian with the horiz os. 


of the Suns meridian, with the horizen given :<16, The Suns de- 
to find ;  clination.) 

Ler the hour of Sun-rifng be 4 ho. 40' 12”, 

Which converted into Cegrees, is 70 deg. 03'. 

The angle of the Suns meridian with the horizon 54 deg, 1 3'. 


Caſe 15. To fad the Amplitude. 


Angle of meridian and horizon. D 5.4 deg.13*co.ar,s D 0.0908539 
Hour of Sun-rilng in deg, A 70 LY 56 A 9.5330090 


—p—_——— 


The hour of Sun-rifing or ſetting, and the rene 5. The amplitude. 


Amplitude comp!. DB 24 5z tcDBg9.6238629 
T 3 Caſe 


* = 


a . Trigonometvie! - © 
Caſe 16, To find the Suns declination. 


Angle of merid.aud horizew D 54deg.13'tcD 9.8578031 


Hour of Smn-rifing A 70 oz tA 9.559885 4 
Suns declination compl. ADig 105 AD 9 4176885 


Which declination 1 5 deg. 10 min. is northerly, becauſe the hcur of 
\ Sun-rifing is before fix : otherwiſe the laid hour being after ſix, the 
declination ſhould be ſoutherly. 


And after the form of the laſt Caſe but one, we may by the ſame 
things giv*n find the Poles elevation. - 

And thus it ts evident, that of the five circular parts of this right 
angled ſpherical triangle, uamely, of the two oblique angle:, the rwo 

fides, and the hypothenuſal, there may be framed 30 Problems or Que. 
flions of the Sphere, and theſe 30 Problems are reduced to 16 Caſes, 
and theſe 16 Caſes to that one fundamental Axiom before ſet down ; and 
the like is to be underftood in other right angled ſpherical triangles. 
The ſame 30 queſtions might alſo have Lis moved and reſolved inthe 
quadrantal triangle A G D, and they are alſo reduced to 16 (aſes,and 
thoſe 16 Caſes tothe aforeſaid fundamental Axim. Of which things 
having before given ſufficient light, we will leav: the praftice thereof to 
the induſtrious Reader. 

And it will not be amiſs whenthere u# a queſtion propoſed in a right 
angled ſpherical triangle, to mark it with the Letters ABD , ſetting 
Bat the right angle, and A D to the hypothenuſal*, or if ut be a qua- 
drantal triangle, ſet D G to the quadranal ſide,aud A at angle there- 

to oppoſite. 

I (if in the general Scheans of. the Sphere before going) I would 
: reſolve the triangle Q F, right angled at ©. 1 put for Y, A, for 

Q, B, aud for F, D, as 1s the firſt f theſe triangles: or I put for F, 
A, for Q, B, and for , D, as in this ſecond triangle, 


In 
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nd 
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B 4 B 


In this firÞ triangle. In this ſecond triangle: 
A, # the) Equinoftial point of WV and 2s , which mike jonny D 
triangle, 5 ae t IM 
A 3, ts an arch of the Equinottial , which in the ſecond is D B 
DB, # anarch of the Suns meridian, which inthe ſecandis A B 
Ard thus, 
AD, « the Suns p'ace or difkance from the neareſt EquineRial : DA. 
oint, which in theſecond triangle, ts alſo 
AB, u the Suns right aſcenſion from the neareſt Equinofttial 2 yp 
oint , hi in the ſecond triangle, ts 
D B, 2s the Suns decliration, which X ſecosd triangle, AB 
A, ts the angle of the Ecliptick with the Equinoftial, which in 2 D 
the ſecond triangle, is | 
D, #s the angle of the Sans meridian with the Ecliptick,, "_ = 
in th: ſecond triangle, is 
And any two of theſe being grven, we may find any third required ; 
and ſo frame 30 ſeveral Dons every of which in one of theſe tr1- 
angles, will be conformable to the exemplary Table of right angled tri- 
angles before ſet down. bo 
And the like is to be underſtood In the other two trian ples before men- 
tioned RY C, andV'SE: ſo that in theſe four right angled triangles, 
you may frame 12.0 queſtion: of the Sphere, and their reſolutions; and 
the like you may do in their quadrantals : all which [ leave to your own 
pr atlice, defiring to uſe as much brevity as conveniently I may. 
And thus mach touching the refolution of ſweh ſpherical triangles 
45 are either right angled or quairantal : xow we come to thiſ: that are 
oblique,which have 12.C aſes,1 © whereof ds alſo depend upen the firſt ge- 
neral eAxiom aforegoing, and might be thence deduced. Bnt that all 
things may be the mare eaſie and perſpicuous, we will lay down two Con- 
feitaries following of the ſaid firft Axiom, after we have declared in 
general the Caſes of au oblique triangle, Of 


E wy 
64. Ti rigonometrie, 


Of Oblique Spberical T riangles. 


Wy LY 


 — 


Crap. fin 

Of the Caſes and Dneſtions incident in every oblique ſpherical 
Triangle in general : and particularly of thoſe two Caſes 
wherein the things given and required are oppoſites. 


= the intent the application of the DoRrine of Spherical Tri- 
angles may be the better underſtood, we will here ( as we have 
before in right angled Triangles ) give examples: of the ſeveral Ca- 
ſes of an oblique Triangle in the atual reſolution of ſome known Tri- 
angle of the Sphere. And we have before noted in the general 
Scheam of the Sphere, Chap. 3. that AG F is an oblique angled 
Triangle. Let us ſuppoſe the ficft of theſe Triangles following mark- 
ed with ADE to be the ſame(where we change theLetters,not of any 
neceſſity, but for the better conformity of all the examples.)So that A 
here may be in place of A there : namely, at the Pole of the world ; 
D hexe, in place of G there, namely,at the Zenith; andE here, in 
place of F there, namely, at the Sun, Then is, 


"A D, the cotnplement of the Poleselevation, or th2 diſtance of the 
Pole from the Zenith. | 

e A E, the complement of the Suns declination, or the diſtance of the 

Sun fromthe Pole. 

E D, the complement of the Suns height, or the Suns diſtance from 
the Zenith, ; 

A, the angle of the hour from Noon, or the angle of the meridian 
of the Sun, with the meridian of the place. 


E, the angle of the Suns poſition in reſpe& of the Pole and Zenith. | 


D, the Suns azimuth from the North part of the meridian. 


And 
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And any three of thzſe being given, the other three may be found. 
So that of theſe fix parts conferred together, there ariſe in this Trian- 
ole, and ſo in others, Sixty Que(tions or Problerts of the Sphere : 
which are all reduced to 12 Caſes, the reſolution wheteof we intend 
now to ſhew, and exemplifie in this Trianzle and withall to point out 
th2 ſaid Sixty Queltions here incicent, referring euery of them ta their 
proper Caſes. 

And that theſe Sixty Problems may be the. more conformable to 
th 1 2 Caſes wheceunto they are referred, have marked this Triangle 
ſix ſeveral ways : that ſo the things given'and required in every of 
theſe Triangles be noted by the ſame Letters, as are uſed in the Caſe 
and Example whereunto that Problem is referred ; whereunto I am the 
rather induced, by the example of the honourable Lord Nepair in his 
I2 Caſes of an oblique Triangle, ſet forth in hisBook of the Con- 


' ſtcuRion of Logarithms. 


But every man is at liberty to do herein as he thinks good, for the 
Rules are general, howſoever the Triangles or their parts are marked. 

And thus having ſhewedin general, what Caſes and Queſtions are 
incident in an oblique ſpherical Triangle, we come now to handle 
them particularly, laying for the two firlt Caſes this ground. 


ConſcGary 


= Trigonometrie, Us 
ConſeQary 1. 


7r all: ſpherical Triangles ©. The ſines of the ſides, to the ſines 
_ "of their..oppoſite angles, "are dire&ly proportional. 


That ts, Ti the firſt of the foregoing Triangles. eAs the fine of one 
fide E D, ts in proportion to the ſine of h14 oppoſite angle at eA : ſous the 
fine of another fide A D, to the ſine of - his oppoſite angle at E. and the 
like ts to be underſtood in the ſecond Triangle, aud ſo in the reſt. 

Note. We peak here of natural ſines, as uſually whzretoever we 
ſpeak of the proportion of fanes and tangents, we mean of the natu- 
ral fines and tangents; and where we ſpeak of the equality of fines 
and tancents, we mean of the artificial fines and tangents, that is, of 
the Logarithms of the natural fines and tangents : For where there 5: 
an equality of the artificial, there is a reciprocal proportionality of the 
nataral, as1s evident by the Corol. of 3 Prop. of 2 Chap. of Plain 
Triangles. 


Conftruct. Now touching this Conſetary, let ADE be an oblique 
angled triangle; if then we let fall the perpendicular DB, it « re- 


ſolved into two right angled triangles, ADB, and EDB. 


| Demon. Wherefore by the fundamental Aion of right angled - 


triangles, if we takg the perpendicular B D* for the middle part , and 
AD and A for hs oppoſite extreams, wwihetriaugle ADB, and ED, 
© and E for hu oppoſite extreams, tn the triangle E D PF, then BE 
| Rad+s DB u« equal tos A D+ 5 A, a'ſo 

Rad-+-s D B is equal tos E D+5$E. 

Bat hings that are equal to one and the ſame thing, are equal one to 
another : carr s A D+s A, # equal tos E D+ SE.- Therefore 
by the Corel, of 3 Prop. 2 Chap. of Plain Triangles, the propertion of 
their natural ſines 1s reciprocal, thus : | | 

As the ſine of E D, #5 tothe fine of the angle A : 
ſo ts the fine of A D, ts the ſine of the angleat E, © 
 Ardth: like 5tobe under ſtood in-the ſecond triangle, Therefore in 
all ſpherical triangles, &&c which was to be proved, 
And hence may two Caſes in an oblique triangie be reſolved, As, 


Caſe 


©. 
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Caſe 1, Two «gles, with a fide oppoſite fo one thexs 290 
to find the ſide oppoſite to the. other, + of " 


Foe in the ſecond oblique Triangle, Let there he civen 
The Snns azimuth _ the North DAE; 1 07 deg, wy 
whoſe compl. to 180 deg. being "a | 
a—- cook from tb South, BAD, 72 24 
1 he our from noon E 3 0.45 44, TRE 
 wb.ch converted inta de _ +4 F " 26 
The Smns height being the Complement of AD, 28 
And let there be required the Sung declination, ahic] is the com- 
ran_ of ED. 
ef : the fine of the hor from Nom, 5 E 56d. 26',c0,a7.0..0792283 
ts the fine compl. of the Suntheight : 5 AD 57 32 9:9261900 
ſo the ſine of the Suns auimmh, SeMA 72 24 9.9791798 
fo the fire of the compl. of they | 
Suns declination. s$ED 74.50 9.9845981 


Whereby the Suns declination appears to be 15 deg. xo'. 
| | ge 


Another Example of this Cab 
Let there be given-in the fifth Triangle, 


| The Suns azimmth from the North, whoſe DEA, no7 deg. 36 


complement to 1 80 degrees, ts BED 72 2.4. 
The hour from Noon A 3 bo. 45' 44” : . 
which comverted into degrees, is 56 26 


The Suns declination » the complement of AD ÞP- <> T6 
K 


63 q  Trigonometrie.. © 

And let there be required the Suns height, being the compl.of E D, 
A 5 the fint of 'the azimmh, _ 5s" E72 deg 24 co.ar, © 0208302 
to fine compl.the Suns decliuat. + AB 74): yo « ' 9.984603 3 
ſo the fone of the ho.from noon, F A. 56 26 9.9207717 


SS — >_> EY 


FIVE ICS I 3:- 4 SES . b 
' fo ſine coropl, the Suns height. sED57.. 32 - - 9.9261952 
Whereby the Suns heightappears to-be 32 deg. 28 min, 
Note. By the imitation of erther of theſe examples, there may four 
ether queſtions in this Triangle, and ſo of: any «ther, be reſolved: _ 
- As 3. If (inthefirſt triangle) there be given,  . . 
: The hourof the day, the angle of the, Suns poſition, and the height 
of 1he Pole © to find:the height of the Sun, E- 
. If there were given un the fourth Triang/e, 
Thi hour of the day, the angle of. the, Suns. poſition, and the haight 
of 'he Sun : to find the heipbt. of #he. Pole... pt; 
' . "5<: If there wee grveriia the third triangle, i 
T he Su1s azimnth, and angle of poſition. and declination : to find the 
elevation of the Pole. c IN 
6. If there mere gives 1s the ſixth triangle, 
The Suns azimuth, and angle of po tion, ard the Poles elevation: to 


fixd rha-Suns declination, Fo 


| % . 
Cafe 2. Dai fs ah pee fo one of them gi- 
. ven : to find the dngle oppoſite to the other,” © © 


L 
- 


Let there be given in the ſecond obfique triangle, 
The Sans height above the horizdn,compl. AD... 32deg.28 
The,Suns deolyyation northerly, Compl, ©. ED tas Io 
T he Suns azimmh A 195 degr. 36 min, or A © 72 2.4. 
And let there be required the hour from Noon E. 
As fine compl.the Smns declinat. , s ED 74 deg.50'co,ar.0.0153967 
ro the fine of the azrmitth: ' 5A 72 24- 9.9791798 
fo fine compl. the Suns beight, s AD 57- 32 _ 99261900 
to the fine of the h. from Noon. 5E 56 26 9.9207665 
Which 56 deg. 26 min. converted into.time, is 3 ho.45 44", which 
in the ferenoon is 14' 16” after 8 of the ctock,but in the afternoon 


Ne OF a Nore, 


45 44" after three of the clock, 


Fd 


an rey PR 


= Som Books" 


& 
The oulbewengs £4209 +92 dg 68516 wot fulbs.6 | 
—_ —— teach ab 8 mANL4y0r four $6. 
but for the more To, _ ad;neſs, it, 27S: ſuſpee:te give the eao-" 
«uegyples. te © mnute ; ſi deſire. mire preciſeneſs, a}. do's we-- 


have ſhemed in the ſe Lie C Chg of Plain T; Di 8. 


L - 


' Another Example of this ſecond Cafe. 


Let there be given in the'fifth trianple, - 


© The Suns declination northerly, complengent AD 15 deg. 10 


T he Suns height above the horizon, complement ED 32 28 
The ho.from noon, 3 ha.4 5 44 ',which in deg. ® A 56 26 
And let there be required the Suns azimuth E, 2p 


Proporugn. 5 
As fine compl. the Suns beight, sED 57 deg.32' co.ar. 0.072 $100 
to foe comp. the howr ; sA "$5 9.9207717 
ſo ſine compl.the Suns declinat, 3 AD 74 50 9 9846033 


| —e— ———_ ————— 


to the ſine of the acumarh sE 73 24 9.9791850 


Which 72 deg. 24 min. is here the Suns azimuth from the South, the 


complemene wheteof to 180 degrees, is 107 deg. 36 min. the 
Suns azimuth from the north, 
K 2 By 


oy 4 - 
ny 
gohtowetrie. 


7” TrJgottoinetrie. 
© Hy inveation of enheref theſe-example), thire may Four 'ther que- 


3. If rhere were groen an the fo ſb rriang'e, | | 

- The Poles elevation, the Smarheight above the horizon, and the bour 
from noon : to find the Surs angle of poſition.. ' | 
4. 'f there were given inthe third triangle, 

The Suns declination,the Poles elevationg and the Suns angle of poſition: 
to fndche Sans azimuth. , N 

-, If there were given in the fourth triangle, .— OY 
The Swns height above the hgriz.9n, the Po-cs elevaiion, and the angle 
; poſetro E #6fiad the bg ogy i g——_ 2 

6, If there were givendy the ſixth triangle, © 
The Poles elevation, the Suns declination, and azimuth : to find the au- 

gle of the Suns poſition, - 

This firſt ConſeRary might alſo have been propoſed thus. 

Of oppoſite ſides and angles, jhe ſing of a fide, with th: ſine of .an an- 
gle te to evether ſide, 15-cqpnal to toe fine of that other fide , with 
the fine of the angle opphſite to the firs, Thatis, 

þ s AD-+s A1s equal co s ED--sE.. : 
Which in effe& is the ſame with th2 former, and in likes fort demon- 

Krated, But the former is to be preferred beins brief, perſpicuous, 

_ known to ſuch as have been converſant in ſpherical tri- 

, angles. gt ' 

But iti the uſe of this Conſt@ary, and of the two laſt Caſes, there 
happens the like doubt, as we heve noted upon the ninth Caſe of Plain 
Triangles. Namely, in ſpherical ttizngles it is doubtful, whether the 
. angle nearelt to a right angle, and his oppoſrte fide, be both-of one and 


the ſame, or of divers kinds, unleſs you diſcover it by your work ,. or 


that it be 2 thing given by ſuppoſition. 

This doubt may for. the moſt part |) be removed by the exact de- 
lineation of the ſcheam or figure : whereby you ſhall perceive whether 
a ſpherical angle be acute or obtuſe, and a fide gceater or leſs than a 
enedrant. But you may be further direQed herein, by the three Pro- 


| poſitions of the Baronof farchifton, which I have for that purpoſe | 


&t down in the firft Chapter of ſpherical triangles. 

As it this laſt exampleyſeeing the fide FD 74 dzg.50 min.isnearer 
ta quadrant thah his oppoſite angle at E being 72 deg.24 min.or 107 
&c2.36 min.therefore( by the laſt of thoſe three)two augles of that tri- 
= | | angle 


The Second Book. — 
2nole are of one kind, and the third greater than a quadrant. That is, 
_ angles at 4 and D. are acute, and the third at E, namely, 
AED is greater than a quadrant : therefore the angle there found 
AED is170deg. 36 min. and the like judgment is to be given of 
others, 


CHAP. V. 
Of eight other Caſes of an 05:iquz ſpherical Triangle, reſolved 
at two operations by a perpendicular let fall. 


Ne: If this way of reſolving th2(e eight Caſes at two operati- 

ons ſeem hard, you mzy more eahily reſolve them at three ope- 
rations, as is (hzwed in the fixch Chapter next following; but here we 
ſhew their reſolution at two operations only, thus ; 

In the eight Caſes next following there are alio three things (in an 
oblique triangle ) given to find a fourth ; for the finding whereof it is 
requiſite, that this triangle propoſed be reduced to two right angled 
triangles, by a perpendicular let fall from one of the angles to his op- 
Poſite fide 3 which perpendicular falls ſometimes within the triangle, 
ſomenimes without. 

If the angles at the baſe be both of one kind (that is,both obtuſe, 
or both acute ) the perpendicular falls withia the tciavgle,if of divers: 
kinds, without ; and the converſe. 

n 


72 | Trigonomtetric. 
In letting fall the perpendicular,ob/erve,that foraſmuch a$ in every 
of theſe Caſes there is given a fide with an angle adjoyning : 


1, Let fall the perpendicular from the end of that fide oppokite to- 


that adjacent angle : 
And further, when that ſufficeth not, 

2, Letir fall alſo oppolite to the angle required ( as in the fourth 
Caje) or to the fide required, ( as ih the fxth ) accougting ( as be- 
fore.) the fides and angles that are not adjacent, to be oppoſite : 

- The firſt of theſe conditions is generally.to be obſerved in all the 
eight Cafes following, the ſecond-1n-the-fourth and ſixth Caſes. 

And thus ſhall we have.two righc angled triangles,and the hypothe- 
nul in one may be ſaid to be correſpondent to the hypothenuſal inthe 
other ; andthe baſe in the one, to thz baſe in the othes; and ſo the 
Other parts. | | 

Then in-one of th:ſe right angled triangles ( which for diftinion 
ſake we call the firtt-) thece is given the hypothenulal and angle at the 
bale, whereby may be found the be, or angle at the perpendicular, as 


occaſion requires, by the ſeventh or ninth Cates of right angled'tti- 


apgles; and this is the firſt operation. 

For the ſecond, there muſt (of the things thus given and required) 
two things in one triangle, be compared to.two correſpondent things 
in the other triangle, which two in each, with thz perpendiculac,make 


three things in each triangle, either adjacent (that is lying together ) 


0: oppofite ; of which three, the perpendicular is alwayes one of the 
extreams, and the thing required , one of the other extreams ; all 
which may appear inevery of theſe fx triangles, 

So that by the firſt general Axiom of right angled ſpherical trian- 


o[es, : 
v; Radiu+56 AN. Fe AB+ DB. 
15 £qual to ic E D—+ Rad, 


I 2c DB+:5c E B 
Radiu—+s AB?. _ bY! A+t DB, 
xcis equal to e E B-+ Radins, 


2; DB+tc 
Radic AQ - c BD A+: DB. 
32D B+s BD +Fis equal to ic E+ Rad, 
Radius BD A! - A D+t DB. 


et DB+i E DS'S <qual og is B D E-+ Rad. 


But 


NT > ar ar 


GBs 


| 
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But if from equal things we take away equal things, the things re- 
maining are equal ; therefore from either fide takings or 56 D Band | 
Radim, it follows, that - | 

1 (#5 A D+sEBisequal toss E D+5 AB. 

2 sAB+tcEisequal tor E Bree A. 

3 5 A+sBDE rsequalto je Es BDA, 

4 5£BD A-rrc EDisequal to 5 B DE-rtc AD. 


wt 
(or 


p 


| - Þ 
- w bl 


Wherefore in each right angled triangle, ſuppoling the three parts 
more remote from the right angle, to be noted, as is aforeſaid, with 
their complements;. and uſing ( as is expreſſed in the fundamental 
Axiom) the fines of the middle parts, and the tangents of the extreams 
adjacent, or the finzs compl. of the oppoſite extreams, you may. ob- 
ſerve, that | 
The middle part in the firſt triangle, with the extream in the ſecond -15 

equal te. the muddle part in the rornl.ahh the extreams 1n the firſt. 

And by help of this ConſeQary might theſe eight Caſes be reſolved, 
which alſo by the Corollary of 3 Prop. Chap. 2. of Plain Triangles, 
may bz propoſed as folloiveth; in which form we intend to uſe it. 


| Conſeftary IT. 

As the middle part in the firſt Triangle, is in proportion to the 
midale part in the ſecond : ſo is the extream in the firſt, 
to the extream in the ſecond, 

| Though 


74. | Trigonometree. 

Though the perpendicular be alwayes one of the extreams in either 
triangle ( a$is before noted ) yet we uſe not that, but the other ex- 
tream in both, 

Wherefore in any of the fix oblique triangles, ſeeing A B and DB, 
are oppoſite extreams to A D, as EB and DB are to ED , there- 
fore, ; 


1. A$:c ABto5cEB: fosc ADtosED, 
And ſeeing A and D B, are adjacent extreams to AB: as E and 
DB, are-to E B, therefore, £1 
2. A85A B,tos EB: iotcA torcE. =. 
Apain,ſfeeitg B D A and D B, are oppoſite extreatnsto A, as BDE 
ahd D B are unto E, therefore, 
3. A85BDA,tosBDE: ſosrA, to xc, 
Laſtly, ſeeing ADandD B are adjacentextreams to B DA ; a8 ED 
and D B, are vnto B D E, therefore, 
A. AS*EBDA, tosc BDE: lots AD,torcED, 
And thus for the b:tter underſtanding of this ConſeRary, it may be 
divided into theſe four parts, 


1. As fine compl.the firſt baſe, to fine compl.the ſecond : ſo fine comspl. 
the firft "ave. "9] to ſine compl. the Poms. 4 jo 4 
And this ſerves for the 3 and 7 Caſes following. ' 
2. eAsthe ſine of the firſt baſe, to the ſine of the ſecond : ſo tangent 
compl, the firft angle at the baſe, to tangent compl. ihe ſecond. ; 
Which ſerves for 4 and 1o Caies. 
3+ As the ſme of the firſt angle at the perpendicular, to the ſme of 
the ſecond : ſo fine compl.the firſt angle at the baſe, to ſine complement 
the ſecond, 
Which ſerves for the 5 and 9 Caſes. | 
4. As fire comp!. the firſt angle at the perpendicular, to fine comple- 
ment the ſecond : ſo tangent compl. the firſt bypethenaſal , to tangent 
compl. the ſecond. | | 
And this ſerves for the 6 and 8 Caſes following, 
The words ( firſt and ſecond ) we here uſe, to diſtinguiſh the two 
right angled triangles. | 
This Conſe&ary might have been otherwiſe demonſtrated , as by 
Producing the fides of the oblique triangle to Quadrants, 8&c, Bur [ 
have the rather uſed this form , that ſo the deduRion thereof from 
the 


—" be alak ads io PEA Te do. -” 


TIF<," 


Ls 


a. ls bd PXw.s; — VO moon -_ 
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the firſt fundamental Axiom before going might the better appear ; 
and-this ground thus laid, we come now to the eight Caſes thereon- 


AT; :::/: 5 * 
Cale. 3. Two fades,and their contained angle given - to find 
the third ſide. TY | | 


' Let there be given in the firlt oblique triangle, 


The Poles elevation, complement ; AD, 51 deg. 32" 
The ho.from noon 3 ho.4.5-44" which in degreesis A 56 26 
The Sans declination northerly, complement = AE, 15 10 


© Abdlet there be required the Suns height, complement ED. 
*" Firſt, by the ſeventh Caſe of right angled triangles, to find A B and 
| E 3. | | | 


The hour from noon, A 56 deg. 26 «A 9.7426520 
The Poles elevation compl, AD 51 32 t AD 9g.go00865 
The arch E AB 23 43 £ AB 9.64273 85 


' Thz ſum or remainer of A Band AEisEB, 
But here from A-E 74d. 50 |Orif tocompl. AE 15 deg. 10 min. 
ſubRrafting AB23 - 43 | weadd AB 23 43 


D—_— TS 


DR EY we hve compl. EB 38 3 
here remains EBS1 07 | and ſo of os reſt. F A 
; = | Secondly, 


Secondly, for E D, by the ſecond ConſeRary, the proportion is, 


As ſme compl. the firſt arch found, 5: A'B 866d.15' co.ar, 0.0383200 
to fine compl.the ſecond arch found, s EB{/ .2C 538 53 $:7977775 
fo is the fie of the Poles eleyation, 5c A D .- BL 36 9.3937452 
to the fine of the Suns altitude. ED $33 28 9.7298427 


2. Example, 
Let thzre be given inthe fafth Triangle, 
Fhe Suns declination northerly, compl. AD to deg. r0' 
The hour from noon, 3 ho. 45 44", which : 
in degrees is the angle. A _ $6. ...236 
The Poles elevation complement AE 38 23S 
And let there be required the Suns height, compl.. E D. 


Ficſt, for AB, and E B. 


7 he hows from #0ons A 56d. 26'wA (T 9.7416520 
The Suns declination compl, ADx5  10t AD Tog669195 
4 % -  ——_ 
The arch AB 63 53t AB*ro.30gy715 
From which. ſubſtraQing AE 38 23S. | & 
thece remiins EB 2s 25 
| Secondly, for E D, th: proportion is, 
As ſine compLthe firſt arch found,  ABy+ 8 264.05" come, 0.3563496 
to fine compl.the ſecend arch found, 5 EBFf.n/{ $64 35 > Wert 
ſais fine the Suns declination, *" $6 AD >NS515 10.-..... .9,4136837 
to. fine the Suns altitude. i ED $33 38 9:7298u23 


Note. Although there be a difference berween the artificial ſine here | 


found, and the former ; yet the difference of their arches « little more 
than one tenth part of « min. which ariſcth, by negleting the ſeconds: 
aud thirds in the arch. firſt found A B. He alla Tres to work, to [:- 
conds, may do it 45 we have ſhewed, Chap.2. Se&.$. of Plain Triavgles. 


But in theſe examples,we would not trowble +, wh with them at the 


faſt, it berng ſufficient for ordinary occaſions, i 
mute. | | \ 
4nd after the form of either of theſe exqmyles, me may calculate T a- 
bles of the Suns height for every hood: Sad minute of the day; by 
which, Tables may be made the Ouairants and Ring-Dials, ard 
other inſtrumental and fixed Dyals, that give the hour of the day by 


the Suns height, | 
| 1 EO 3o Example, 


the work be true to a 
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3. Example. 
- Let therebegiven in the ſecond oblique triangle, 
The Suns height above the horizon, complement AD 33 deg.23' 
The Suns azimuth D A E,or rather the acute ang. BAD 72 24 
The Poles elevation complement, AES1 32 
Andlet there be required the Suns declin.compl. E D. 


*% 


Firſt, for AB, and EB. WT; 
T he Suns azimuth frons the Somth, A752 d. 2458 A 9.4805385 


"The Suns height, complement, AD 32 28t AD 10.1963704 


The arch AB 25 25t AB 9,6769089 
 Whexeto adding AB 38 28 _. 
'The ſum is EB 63 53 
Secondly , for ED, the proportion is, 
As fine compl. the firſt arch found, 5c AB $5 64d. 35" £0.4r, 0.044110 
to fine compl.the ſecund arch found, ge EB -2 {526 o7 9.6436504 
ſo is the fine of the Suns heighty «AD £ 33 - 28 9.7298197 
to the ſine of the Suns declination, 5c E D 515 10 9.4176811 


Th- (ame might be fend by the ſame things given in the ſixih tri- 
angle, whe-e the perpendicular falls from the Pale. 

And after the / av of any of theſe three examples, there may a 
third queſtion in this triangle, aud ſo in any other be reſolved : 

As 3. If inthe third or fourth tr: ang/e there be given, 
T he Sun declination, the Suns height abov: the horizon, and the angle 

of the Suns poſition : to find the Poles elevation. 

L 3 ; Caſe 


73 i: Trigonometr4r, - ... 


Caſe 4. Two ſides, and their contained angle given : to find 
oe of the other angles, 


Let there be given in the ſecond oblique triangle, 
The Suns beight abwve the horizon complement AD, 32 degr. 28' 


The Poles elevation, complement AE, 51 32 
The Snxs ac.imuth D A E, or rather the - 
acute angle BAD 72 24 


And let there be required-the hour from noon E, <. 
- Firſt for AB, andE B. 
T he Suns azimuth from the Semh, A72d.245cA 9.4805385 
T he Sans herght, complement, AD 32 28: AD 10.1963704 


The arch AB25 25 :tAB 9.6769089 
The {ſum or remainerof ABandAE, isEB, -. 
But hereunto A B-25 deg. 25' De 


Adding \ AE 38 28 
The ſum is EB 63 


f3 
Secondly, for E, by the ſecond ConſeRaty,the proportion is, 
As the fine of the firſt arch found, 5 'AB 5 25d. 25' £0, ar, 0.367 3424 


to {ine the ſecond areh found : SEB _ $63 52 9.9532277 
ſo tang. compl, the azimuth ' & Ad>=<&ti7 36 9.5613588 
to tang. compl, the hour ' ' "be EF. St39 -39 9.8219289 


Whole compl. 56 deg. 26 min. converted into time,is 3 ho. 45' 44” 
before or after noon. 
eA's the fine of the firſt arch found, 
Or the pro- Jto the ſine of the ſecond arch fonnd : | 
portion is Yſ5# the tang. of the azimuth from Eaſt or Weſt, 
to the tangent of the hour from ſix. Sos 
Or by. the 3(eAs the ſine of theſecond arch found, 
Theorem of z ro the ſine of the firſt arch found : 
ch.4.0f plain )ſ» & the targ. of the azimuth from the meridian, 
Triangles. & ro the tangent of the bour fronz noon. 


Note. -The like variety may be uſed in the next example, and alſo in 


th examples of the 6, 8, and 10 Caſes, and partly in every Caſe; . - © 


which having here briefly noted, we ſhall leave to your own pra- 
Rice, as your occaſicn requires, 


2. Example 


NEE Es 


at 
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Let there be given in the fifth Triangle, E 7 
The Snxs declination northerly, complemens APD 15 degr. 10, 
The ho.froms noon 3 bo.4.5' 44” which in degris A 56 26 
The Toles elevation, complement AE 51 32 
And let there be required the Suns azimuth E, 


. © Fit, for AB and E877 
The ho.frons noon in degr. A 56 deg, 26" 56 A 9.7426520 


The Smns declinat.compl.' AD15 Io t AD 10.5669195 
The arch | AB63 53: t'AB | 20:3095715 
- | 30 SEV 261 . 4. ., ::, Orunto ':- AB 63 53 
From which ſubtraRting AE 38 28| Adding com; A B 51 32 
LJ . g Rn EN ; — 

The remainer is EB 25 25 | cum Is 'EB 25 25S 
| Secondly, for E. 

As the fine of: the. firſt arch found, 5 A BY' {'s63d.53'co.or, .n.0467723 
to ſine te ſecond arch found, s$ EB{= Yoag. 25, . 9.6326576 
ſo is tangent compl, the hour, * ic ASn4t33 34 9.8218803 
to tangent compl, the azimuth, & EJ/ e19'-3 9.5013162 


EC. 
which 17 deg. 36'% the ſuns azimmth from the Eaſt or W:ſt, and the 
complement thereof 72 deg. 24',% the (uns azimuth from the 
ſouth, whoſe complement to 180 deg. that is, 107 deg. 36' i hs 
auimuth from the. North, POT E 
Hence might Tables be framed ſhewing the ſuns azimath for ever 
hour of the day, and for ſeveral ſeaſon: of the year, whereby may l 


wade the Dyals rendring the boxr by the ſmns acinemth, 
By 


"2 


PF 7 — Tiigatutmebrie. : 
| By invitation of either of t hojeqneamples, there may four other que= 
fins w the triangle, avd fouf untyerber Grecfolaed for : 

3 If therewere givewinuhe firft'obliguetriangls, 
The Poles elevation, the-hanr, -aml-#be Suns -declination : to find the 
Suns angle of poſition wo (74h 
4 If chewing annicncbe third triangle, I 
The Suns declination, the Suxs angle afgpofi tron and the Suns ber ght : to 
fndebr'S uns a&:mmnth, = 


——_ were giv wr triangles”: 
Py P a_ the Supt es Galore find 
Highs 100M, I. - 
6 If there were groen inthe fixth = he > 
The Poles clevation, the azimuth, —_— Sn, altitude : to find the an- 
ole f, He Suns poſition, Ko 
Caſe 5, Tw2 negles, Hat the ſab betwees the jo; to 
find the thirdagle. >> 
Let there be given in the firſt obli que al. | 
The. Poles elevation, complement | AD 51 deg. 32' 
T he he.from neou 3 ho.4.5' 44 which in degrees is A56 26 
The Suns azimmth, Dioz 36 


And letthere be requiredthe angle of poſition, E., 
Firtt,'for the angle#'B/D'A and B D E, by the nin Caſe of right an- 


oled triangles. 
The Poleselevation,comp]. ADg19.3: + AD 9.8937452 
The hour from noon A356 36s A Eq 181197 
The angle BDA4o 17:tcBDA 10.0718649 


- "Thz'fum or remainer of [BN A and D, is BDE. 
- * But here from D 1074.36" 


ſublirating BDA 40 17 
remainer is BDE 67 I9 


; Secondly, for the.angle.E, by the ſecond ConſeRary. 

As the fineof the firſt angle found, 5 BDA YJ $40d.17 £04r.0.1893859 
,to the fine of thedecond avglefourd, s BDE 7 2 {7 $67 19 9.96: 0371 
"ſis the fine  compl. the hour, 5c oo 55133 34 9.7 426520 


to ſine compl.the an; le of pulition. "50 E S52 Of 9.8970750 


1 here- 


vw) 
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Therefore the an{k of poſition B, is 37 deg.'55 min. | 
The ſame might be found by theſame things given in the ſixth tri- 
an2le, where the perpendiculas falls from th>-PUle , as here from the 
Zenith. = C x | 
And after the form of this example, there may wo other queſtions 
in this triangle. and ſo in any other be reſolved ; Ar, : 
2 If inthe ſecond and fourth triangle there were given, 
Tht Sus altitude, the Suns azimuth, and angle of poſition : to find the 
hor. #2 | ron 
3 If inthethird aud fifth triangle there were groen, 
T he Suns declination, the: hanr and angle of poſition : to find the Suns 


aumth. 


Caſe 6. Two angles, andthe fide between thew given ; ts 
- find one of the other fider.. \.. | phievt THO 
Let there be given in the firſt oblique triangle, 
The Poles elevation, complenuent EE ADs: d.32. 
The ho.frons noon;3 ho.45' 44" ,which i degrees, | &A,56.- 26 
The Suns 4vimnth from the north,the obtuſe wagle ©) D, toy. 36 
And1.t thers be required the Suns height, compl. E D.. 
Firſt for the angles B.ID / m4 EDE, er ER. 
T he Poles el:yation, compl. "AD51d. 32*cAD 9:393745% 
The how fra noe in degr. .«.£E. B+ A 10.1781797 
The angle: A 'q OS i 


BFA 40 +7>t4BDA 10,071 $649. $: 
The: 


Ws g | S—— 

The fanet ramieniel 3 DA: andy ,isBDE; 
But here trom -D x67-deg. 36" > a 
- ſabftcaQina, . »BDA 49-7 217-2 1h; 1-2: 


. 4 The remaings is BDE67 19, 
Secondly , for ED, 
As.fine' campl.the Frit ade found, ..£; BRA Y 


ro fine compl. the 2d. able foiffid, 5c ol $223 41 9.5861794 
ſo 15 tangent the, Polcs cleyations - ts AN EI !5r32 . 10. 0999135 


to the tang, of. the Suns afrivade,%. £6 ' Et 63228 . 9g 8036501 
Note. By imitation of this example, there may five other Do 
an jgh oblzgye triangle, and ſon Jun be reſolved, as 
there uy lun orgs, ju # 
ThePfles z, the ſuns ageing Foay = hour ft, PLE «to ud 
| the (hg Fi 
3 If there — rivey in the ; the ſecond rengle, Ti 
T he ſuns height, the azimnth, and the angle of the Jane fe tron + 0 
fog = uns declination. 
there were given nothe ine Forth triangle, al 
T be FE, altitude, the avimuth, os, 59th e angle of Wi [ to 
fad the Poles eleyation. / __ 
5 If in the third triangle there be g given, 
The ſuns declination;the hour, and the angle E the ſuns _ * to 
yt the altitude. of the Pole. 
6If in the fifth-triangle there be given, 
The ſuns declination, the hour, and the angle of the It one poſiti trop © to find 
the ſuns altitude. 


Caſe 9. Two of Hades with az rg Ma te to one ef? them mgioes: 
to find he third fide.c;, PRE alot : 


; Let there be give in hs fins pgs TORE 

The ſans height e the horizon, complement AD, 32 deg 

The ſuns atimuth \ »ameh, the acute angle at A, 72 _ 
- Theſdns declination northirly complement ST 0 


c had etghere bexequired the Polepievation compt, AE, 


/ 


-, 


gf 


Fir, 


-($4943' (0.47, 0.119557v%. 


—_— 


DC EE EE NE nt _—_ 
wn. 


F \ dt. ad 
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| Firſt, for the arch A B. | 
The ſuns azimmuth, eA 72 deg.2q'so A g.4895385 
The ſuns height,complement, AD 32 28 teAD 10.1963704 
The arch firſt found eA Bay 25t AB 96769089 «+ 
B 
NS 


Secondly, for E B, and ſo for AE. 
As the fine of the Suns height, 5c AD 5 32d. 28'co. ar. 0.2701803 


to the ſine of the Suns declinat. ss EDf/:3 \F15 10 9.4176837 

' ſo ſine compl.the furſt arch found, os ABSa< 864 35 9.9557890 
| j 

to fine compl. the 2d arch found, $c E B $26 o7 9.6436530 


So that the arch E B, is 63 deg. 53 min, 
The ſum or remainer of AB and EB,is AE. 
But here from EB 63 deg, 53' 
ſubftraking AB 25 25 
The remaineris AE 38 28 the fide required, 


2 Example. 
| Tet there begiven in the ſxth triangle, 
The Poles elevation, complement AD 51 deg. 52: 
T he ſuns azimuth fromthe meridiangthe acute 
enple at £ Im *Y 
The Tha declination northerly, complement ELD x9 Io 


And let there be r<quired the Suns height, compl. AE, 
M Fult, 


84 Trigonometrie, 

Firſt, for the arch A B. 

The Sun azimuth, A 72 dee.24 iA yg. 4805385 
The Poles elevation compl. AD 51 32 8 AD 9g.9600865 
The arch firſt found, AB 13 30:t AB 9.3806250 
| ... Secondly, for E B, andſo for A E. 

As the fine of the Poles elevation, $c A D $514, 32'c0.4ar. 0.1062548 


to the fine of the Suns declination, $c'E D/*= \s 15 10 9.4176837 
ſo fine compl. the firſt arch found, 56 AB>= Qs 76 295 9.9878163 
1 WE; = x —————__—— 


ro fineomplihe ſecond arch found; 56.E B , N18 5s ”- 9.5117548 
-* So thafthe arch F4 ” 3 874. 
. -—"from which ſubſtraAlng AB. 13" 365 2 
The remainer is” AE 57 32 , 
Whoſe compl. 32 d. 2 8' isthe Suns height required, 
"Or if to compl. EB 18d: 57: Co 
Note. You, add AB 13-... 30z 7 | 
- YouhivecomplAE 32 7%. -the Syd height required. 
T ſhould digreſs #00 mulch, if T ſhould ſhew all the uſes whereunto the 
queſtions falling ont #n this one triangle might be applied : ſome of the 
principal I thonght good to point at, that I might give occaſion of exer- 
ciſe, eſpecially 18 theſe later Caſes, being ſomething harder than the 
reſt. | 


Thus by this Prapoſition you may for one day, in any Latitude ; find 


b,- . fore givenaſter the 12 Caſe of the third (hapter of right angled ſphe- 
& — \ FiSak tr By 


"". D- 
4 ; 
ns 7 I 2 
<1 23s Y IE. 5 - 
2 OE PD TED Eee” 
OR; oh EE Soon my > 
by % Tf RI OEs 3 pe 
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By this Propoſition alſo are the azimuths drawn on thoſe quadrants 
that gives the Suns azimuth by his altitude, and ſo on thoſe Dyals 
that do the like, 


And after the form of either of theſe examples,there may four other 
gueftions in this oblique triang le,and ſo in any other be reſolved. eAs, 
3 If there were given in the firf oblique triangle, 
T he Poles elevation, the hour from Noon, and the Suns beight : to find 
the Suns declination. | 
4 If thereweregives in the third triangle, : 
The Suns declinationghe Suns angle of poſition,a the Poles elevation * 
to find the Suns height. 
5 If «n the fourth triangle there were given, 
The Suns height, the angle of the Suns poſition, and the Poles elrvati- 
on: to find the Suns declination. 
6 If inthe fifth triangle there were given, 
The Sun: declination, the hour from Noon, 6 the Suns height abroe 
the Horizon: to find the Poles elevation. 


Caſe 8. Two fides, with an angle oppoſite to one of theme gi= 
ven to find their contained angle, _ | 


Let ther2 be givenin the fic oblique triangle, 

The Poles elevation, compl, AD, .51 deg. 32 
The ho,from noon ; bo 43'-44 which in degr. us tt 66 26 
The Sun altitude above the Hori.on, compl, ED, 32 28 
M 2 # And 


=. Trigonometrie, -. 
And let there be required the Suns azimuth from the North, D. 
Firft, for the angle BD A, 
The Poles elevation compl. AD 5rd. 32 AD 9.8937459 


T be hour from noon, A '56-26 18 A 10.1781197 
The firſt angle found BDA 4o 17 tc BDA 10.0718642 
Secondly, for BD E the proportisn is, | 
: | by ar, or 
As tang, of the Poles eleyation, tc A D t 514. 32 Ct ADg goeof86s 
to tangzof the ſuns altitude, . ' tg ED{ -2S \e32 28 - 9.8036196 
ſo fine com. the firit ang. found, 35s BDA > & <& 549 43 9.882 4428 

j- © —— 
to fine compl. the ſecond, s« BDE $22 41 95861589 


T he ſm or remainer of the firſt and ſecond angles found, namely, 
of BDA and BDE, «the angle required D. 

But hereto BDA 4od. x7! 

adding BDE 67 19 

The ſumme is D 107 36 the Suns azimuth required. 


2 Example. | 
| Let there be given in the ſaxth triangle, 
T he poles elevation >> complement [AD 51 d.32' 
The ſuns 4zimmth from the meredign,the acute angle, A 72 24 
The ſuns declination ; ,* cowl. ED35 10 


Andlet there be required the hair from noon D;- ..... 
| Firſt, for the angle BD A { ** 1. 
T he poles elevation compl., AD 519. 32 56 AD © 9.8937452: 


The ſuns azimuth, A .. 734 £ A 10.49 8641 2: 
d : l : B—— P 
The firſt angle found, - BDA 22... 03 1c BDA 1047923864 
" Secondly, for BD E the proportionis, _ be. 
ro OT. "OS — 2% Ia ; \ 
As tang. of the Poles elevation, is ADyY Ct51-32 @: AD $g.9000865 
to tang,of the ſuns declination, is ED/-= Ye 15-10 9.4330304 
{ fine com.of the firlt ang.found 5c BDA 5 # <F 67-57 - 9.9670125 
4  — — 
to fine compl.the ſecond. © &&BDE- ot 11-31 9.3001794 
So that BDE 1s 78d. z9{0rif unto B DA22-03. You 


Fcom which take B D'A 22 | 03jdd co. BDE 11-31, The ſum 
The 'remaineris D 56. 261'Sc0. D 33-34. the ho. from 6. 
' Which 56 deg. 26'converteg into titne, is 3 ho. 45'-44%, from 

noon, thatis, 14' 16' after eight of the clock in the forenvon, or 
45-44" after 3 of the clock in the afternoon, And 


"Y " 
Sa ds): 5 4 LED 
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SEES Sn: 
hs ., ao " 
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And thus inany place, for any day, you may frame a Table of the 
hour and minute of the Sans poſition upsn evety point of the Com- 
paſs : whereby you ſhall manifeRly ſee the error of the common rule, 
of bringing two and thirty to four and twenty. 
By imitation of either of theſe examples, there may faur other que- 
ftions in this triangle, and ſoof any other be reſolved. eAs, 
| - 3 If inthe ſecond oblique triangle there were given, . 
The a'titude of the Sun, the az.immh, and the Suns declination © to find 
the angle of the Suns poſition. 
If in the third triangle there were given, 
T he Suns declination, the angle of poſition, and the Poles elevation : to 
find the hour. 
5 If inthe fourth triangle there were given, 
The Suns altitude, the angle of poſition, and the Poles elevation : to find 
the Suns azimuth. 


6 If imthe fifth triangle there be given, | 
The Suns declination, the hour, and the altitude 'of the Sun above the 
Horizon : to find the angle of poſition. 


Caſe 9. Two angles, and a fide oppoſite to one of them given : 
to find th: third mn poſs f g7ven 


Let there be given in the ſecond oblique triangle, 


' The Suns h:1gbt above the Horizon, comple ment AD 32 4.28 


The Suns azimuth from the meridian,the acute angle A72' 34 
The hour from noo, 3 ho. 45-44”, which in degr. is E56 26 
And let there be required the angle of poſition, D; 

Firſt, 


$3 Trigoro0metrie. 


» 

| Firſt, for theangle BDA. 
The ſuns altitude compl, AD, 32d. 28's AD 9.7298197 
The (nuns azimuth, A 73 24t A 10.4986412 
The angle firſt found, BDA, 30 35 tc BDA 10,22 8460g 


Secondly, for B D E, the proportion is, 


As fine compl. the azimuth, «AN $17d.36' c0.4r. ©.5194615 
to fine compl. the hour from noon, yc E/-2#& 333 34 9.7426520 
ſo the fine of the firſt angle found, 5 BDA 5 8 $530 35 9.7065394 
tothe fine of the ſecond, SBDE s 68 30 9.9636529 


The ſum or remainer of the firſt and ſecond angle found B D A and 
BDE,is the angle D required, 
Put in this example, from BD E 68d. 30" 
ſubtrating BDA3o 35 
The remainer is D 33 Fo the angle of pokition re- 


(quired. 
eA fier the form of this example, there may five other queſtions in 
thes xt —_— ſo in any other be reſolved, | pee 
2 If inthe firſt oblique triangle there be given, 
T he Poles elevation, the - 0% from noon, and the angle of the" ſuns po- 
ſition : to find the ſuns azimuth, - "ES 
3 If there were givenin the third triangle, . | 
T he ſwns declination, angle of poſition; aud the ſuns azimmth : to find 
the hour from noon. 
4 If there were given un the fourth irrangle, 
The ſuns altitude, the angle of poſition, and the hour from noon : to find 
the ſuns azimmh. 


5 If in the fifth triangle there be given, 


The ſunt declination, the hour from noog, and the ſuns azinenth : to find 


the angle of the ſuns poſition, 

6 If there were given in the ſixth triangle, 
T he Poles elevation, the ſuns azimuth, and the angle of the ſuns poſi- 
tion : to find the hour from noon. 
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Caſe 19. Two angles, and a ſide oppoſite to one of them 
gives © to find the ſide between theme. 


Let there be given in the ſecond oblique triangle, : 
T he ſuns height above the horizon complemem AD 32 deg. 28 
T he ſuns a.imuth from the merid.the acmte angle A7T2 24 
The ho. from noon 3 ho, 4.5'-44 ,which in degr.s E 56 26 

And let there be required the Poles elevation compl. AE. 


Firſt, for the arch A B, 


| The ſuns herght complement, AD 32 deg.28 t AD 10.1963704 
The ſuns azummb, ; A7T2 245% A 9.4805385 


The arch firſt found, AB25 25t AB 9.6769089 
S2conaly, for E B. 
C- 7 ay, or 
As tang, comp. the Surs azimuth, tc AN Ne 15-36 Qt A 10.4986412 
to tang. compl. the hour, tc Ef {133-34 9.8 :18803 
Þ the tne of the firſt arch found, $AB 4 85 25-25 9.6326576 
" _ —  —— 
to t'.e fine of the 2d arch found, yEB s 63-53 9.95 31791 


The ſum or remainer of the firſt and ſecond arch found ( A B and 
EB) is the ide required AE. | 
But here from E B 63 deg. 53' - 
ſubſtractine AB 25 25 
The remainer is AE 38 28 
Which is the complement of the Poles height required, 51 deg 
327, | | by 


$6: Sia a 


'90 | Trigonometrie. 
By imitation of- this example, there may five other queſtions in thu 
oblique triangle, and ſo of any other be reſolved: oaAs, 
2 If. inthe firſt oblique triangle there were grven, 
T he Poles elevation, the honr from noon, and the angle of the ſuns pr- 
ſition : to find the ſuns declination. = 
3 '1f mthe thirdtriangle there were grven, 
' The ſuns declination, the angle of poſition, and the acimmh : to find 
the ſans height above the hor1%0x. 
4 If inthe fonth triangle there were grven, 
T he ſuns altitude, the angle of poſitiini,aud the hour from noon : to find 
. the ſuns declination, * , © "> FL 
5 If there were given in the fiſth triangle, 
T he [uns declination, & hour from noon, and the ſuns azimnth : to find 
the Poles elevation. | 
6 If there were givenin the fxth triangle, 5 
The Poles elevation, the ſuns azimmth, aud the angle of poſition : to 

find the ſuns altitnde above the horizon. h . 

And thus it is evident how in this oblique triangle, and ſo in any 0. 
ther, there may-be framed 54 queſtions of the Sphere ; there are alſo 
fix more, which we ſhall touch hereafter; but theſe 54 are reduced as 
we have ſhewed to ten Caſes, and thoſe ten Caſes to two ConſeRa- 
ries, which twoConſeRacies are deduced from the firſt fundamental 
Axiom ; fethat the reſolution of all the Caſes and Quettions hither. 
to handled, whether in right or oblique angled ſpherical triangles, de- 
pend upon that one Axiom, and may be thereunto reduced, There 
remains (as is ſaid) fix other Queſtions in this oblique triangle ( and 
the like in any other ) which are reduced to two Caſes, namely, when 
three (ides are given, to find an angle ; or three angles given,to find a . 
fde. And theſe alſo might well be reſolved by the grounds before laid, 
without adding any more ; but becauſe the wayes deviſed by the Lord 
Neparr are more apt for this purpoſe, we will make uſe of them. 

Andas we have ſhewed the reſolution of the 8 Caſes laſt before- 
e0ing, by help of a perpendicular ; the ſame might have been done 
by drawing in ſtead of the perpendicular, a quadrantal fide : ſs redu- 
 cing the triangle given to two quadrantal triangley. But this we mult 
now. leave to your pratice, 


=: - | CHAP, 


SY 


Ltda de he te RE 


» 
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Os CHAP. VI. 
The eight laſt Caſes of an oblique triangle, reſolved by findin g 
. the perpendicular. 1 | | 


He reſolution of theſe eight Caſes, hath uſually been at three ope - 
rations, though (as we have ſhewed) they may be done at two; 
yet becauſe the way at three operations is more eaſily underſtood,and 
1s more immediately performed by the firſt general Axiom , without 
reſpe& to the ſecond ConſeRary z. and becauſe in many quettions you 
have occaſion to know the quantity of the perpendicular : therefore 
we ſhall her ſkew the reſolution of theſeeight Caſes {at three opera- 
tions, briefly and plainly+3-to the ſatisfation”(1 hope) of ſuch as 
complain of obſcurity in the former. | 
Firſt, then the oblique triavgle is to be reſolved into tio right an- 

oled triangles by a perpendicular (as before) namely, that whereas 
in every of theſe eight Caſes there is given an angle, and a fide adja- 
cent to that angle, you are to Wo "\.5 v, 


' Let fall the perpendicular. from the end of that fide gi- 
ven, oppoſite to that angle. \  -.._. 
And further, when that ſufficethnot, +. - +. 
2. Let it fall alſs oppoſite to the augle topo - (as1n the 
fourth Caſe.) Or oppoſite to the ſide required (as in the fixth.) 


Accounting. ( as before ) the ſides and angles that are not 
Jacent, to be oppoſite. 

And for helping your memery, you may ( as is aforeſaid in the firſt 
Caſe of Spherical Triangles) mark the fides or angles given with a 
Caſh thus" , and that required with an o, or cypher, or. with three 
pricks thus : | 

Andhere we might mark the triangles with the ſame letters as before, 
namely,that whereas there is always(as I havg (aid)an angle given,and 


a ſide adjacent to that angle you may mark the ſaid angle given withA 

and the adjacent fide oven with AD,and the zneſe remaining with E, 
and the perpenMcnlar with DB. but becauſe there is no neceſlity that a 
man ſhould hold himſelf always to that fo:m (as I have before noted) 


we will here:mark the ſame triangle with other letterggt adventure, as 


N- Wy with 


with FG H, then the erpendicular: calling from G, or F, or H (as 
the Propofitiotin band ſhall require) reſolves it into two right angled 
KR ot -in one of which theres gtyer- the Afgothenalay. and Inf 
at the < baſe; whereby you may find kirſt the pe » ſecond] 


the baſe or angle of perpendicular : Or you may firſt find the bale 
_ or angle at perpenen þ "ſo6ndTy; the perpendi icuſar, Y 


The firſt fundantentil Axiom we will hereagin pp. being as 
fotloweth : > 2. habe tie 


113 11. 


[ of the foe ni parts in. a lf ks Ghericd ak: 


The fine of a middle part, with Radins, is equal to the tangent 


of the adjacent aged eps fo Me +694 complenvent. i the 
 oppeſit He extreams. ©" ———— 


Hence Me reolve theſe eight Calesi in 'menoet Following" © 


Caſe 2; 'Two Fdes. and their contained gfe being given: : 
to find the thi indjude. IGG 


- Dit. Gf138 038%, FH 74 Pn 56, _ SE leap G:- | 
" Here in the firſt wiingle, from G'the:end of - the bee FHoiven be- 
ing adjacent to an anele given H, 1 1:t fall the perpendicular G Bop+ 
RG to thar aygle : and ſo we have two rioht angled triangles;GBH, 
xg BF; andin the {ſt there'is.ofven the} othenufal HG, and 


od 


c a rhe bate yhich hb they erpetidic 


NO KG <Ct4-rH5. Kiellide hr) hroeott ible 
King Radins, the remaineriss G B ; or to avoid ſubſtrattiori, ved un- 
£0 1 + H+{H | the complement” arichmetica}, ny for _ 

| is 


' The A : Baok, - . 93 
is 00) leaving out Rad. or the. fu uaite inthe ſum, and (o the work is 
28 followeth : 

«GH 38 deg, 28' 9.7938317, "Secondly, forthe bat B H, lay 
sH: 56! 23 26 1, 9-9207717 56 br Rad, 6G Ht 


$CB 31.13 x9-7146034.. BH, and fo the operation. 
beneath. 


ſands thus as 
t GH 38 2$ 9 .g000065_ The fun of remainer of B H 


H 56 26 9.7426520 andF Hig FB. 


-BBz3 ES 3-843) 85 "Butherefrom F H 74 deg. 50" 
oe OK $4 _ ' ſubflrating BH 23 43 
RKOTOTS thereremars FB 51 O07 
Thirdly, for the Gde required F G, having G Band F 3, Say © FG 
—+Rad.=e G 5-+-36 F B, and ſo the operation ſands thus... 
GB 31 deg, 13; GB 99329746 
FB5r 67, FB 97977715; 


EG 57 32 ic FG 9.7298521 
Which 57, 32 is the fide F G required. 
Andas in this ficſt Example,the perpendicular was let fall from the 
angle at G, ſo it might in ths Gale have been ler fall from the angle at 
F, "2$ in the ſecond triangle, andin thys ſecond Example. 
'Dar. FH7486.50', H 56d. 26',G H 38 28, required FG. 
Fir forthe perpend. F B dy, 5 F B+Rad.=s F H+sH. 
; Second ly, forthe baſe, BH , £ Hy Rad. _— HAY H, 


CAntRH—G f= 
Things, Gor-he eee CIT 
T-j The opWatidne are as ie FOs 
ZH 744. 5o's FH 9.984603; 1.FH74 gorFH 10.5669196 
. H56. 26s H9g.9207717 H56265cH 9.7429530 
FB53 32s FBg. 9053750 BH63+543tBH 10. 0.3097516 
—GH 3828 | 
—_ennc—td 
" "269 25 - 
I. FB 53deg. 32' 1c FB 9.7740459 
- \BGzyg 25. 6BG g.9557090 


F657 32 «FG 9.79298349 EM 
Which 37 32 is the fide required as before. T hird 


hi 


” n me. et” Ha 
1. BEES 
F » - ad ” 
x Eo 2 -U "4% -— o wp 

ES. 4 hs ee Es 
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.. #©® bird Example. "5 
Dat. FG 576. 32, _ "24. 28'; G, or rather the acute angle: 
- BGF 7x d. 24 required Þ H; / 
| The perpendicular may fall from F or H,but here we let it fall: 
from.F as in the ſecond xrigngle. ** _ 
* Then-for the perpendicular F B, ſay, FB#Rad=srF Gf: G. 
- Secondly, for the baſe B G, ſays 5c G+Rad=tic F C+t BG. 
_ Thirdly, for the, Gde.cequired F H, ſay, 5 F H++Rad=sc B Et 
5 B H.. 
' The operations ace a8 followeth. | 4 
sFG ” onda tEG10.1963704 5 BF 9.7740459 
«© C 9.9791798 5c (3 9.4805385 56BH g.6436504 


—_ n——_—___ ——— 


— 


EB 9.9053699 BG  9.6769089 ieFH 9-4176963 


"BS 5290 33” © WG 2405557 - FH 74 degrees, 50 
GH 38 28 - min. the fide re- 
BH 63 53 quired. | 


In this,and the other Caſes following, having by the firft operation 
found the perpendicular, you may uſe 1 it in the ſecond operation as one 
of the.two.things gaven, ' which we ſhall not need to cm 


Caſe 4. Two ſides, and their chthived angle ag fo _ 
_ one of the other angles. 


Dat. FG 57d. 32, GH 389. 28, G1o7d, 36), or G acute 
72 d. 24 required the angle H 

Inthis Caſe the perpendicular falls only from F (as: in the ſecond 
triangle) and ſo is _— to the angle 2iven G,and to the angle re- 
quired H. 


Pr, 


— 
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Firſt, then for the perpend.F B, ſay, s F B-Rad=5s FG-+5G. 

Secondly , for the bale BG, ſay, js5 G-+Rad=tc FG-+e BG, 
The ſum or remainer of BG and GH,is BH. 

Thirdly, for the angle required H, ſay, 5 BH Rad = rt F B+ 


72; IR dP | 
And accordingly we order the operations as followeth. 

LEG 574.325 FG 9.9261901 IL.FG 574.32: FG 10.1963704 

G 72 245 G 99791798 G7z 244 G 9.4805385 


FB 53 32sFBg g053699. BG 25. 25+ BG 9.6769089 
"i -+GH 38 28 


| BH63 53 
Il. FB 53 32 toFB 9g.8686804 
BH63 53 5s BH 9.9532278 


H$56 26 is H  g-8219082, which 56 deg. 26 min. is- 
- the angle required. 
Secoud Example. 
DatF H 74d. 50, GH 38d. 28, H 56d. 26', required G, here 
in the ſecond triangle as before. Pl 
_ Firth, for the perpendicular,.F'B,ſay,sF B+-Rad = s F H + 5H. 
- Secondly, for the baſe, B'H, ſay, 55 H-Rad= tc FH—+e BH, 
___ AndBH—G H=BG. 
Thirdly, for the angle required G , ſay, 5B G-tRad= eFB+ 
tc QC, | ; 
' And accordingly the operations are as flow. 


I. s F H'g9.9846037 IL. te FH 10.5669196 
5 HI 9g.9207717 FREY 5s "Hd | 9g.7426520 
SFB 9.9953750 \ EEE\ 'tBH 10:3095716. 
Sois FB 53d..32 © BH63 53 | 
BG 2525 


Ill. tc, F B 9g.8686804.. 
' $8. BG. 9.6326576 


tc G 9.5033380 : | 
S018 ©7240; 24 or G obtuſe r074, 36 the angle required. . 


Ca% 


: - x [oY 3 - E 5 «* ? 9 F 4 
eos Rx þ, 4 
a - 38 £5” 
s F 1 
LES + > - ; Þ& {7 
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' o ? ws 
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; and the fide between thew given © to 


. Ee, A 
4 s 
A £ "#7 kX F374 


. 


n - 


FRE by ling "I 
6,G 107d. 36,G H 389d. 28', required the avgle F. 


4 Of. 4 Y xz 
mn £43 debt 5 


AY Fg EB 
F B HE ::M. YO E 


I.:GH 384d. 28' 9.7938317 1I.t Hy6d.26' 10.1781197 
s H56 26 9.9207717 5s GH33 28 9.8937452 


nem ern ann m—— 


tcBGH4o 17 10.0718649 
from G 107 36 
® leaves BGF 67 19 

III. sBGF 67 19 9.9650371 | 

5c BG-.31 13 - 9.9320746 2 IDS, 


5GB 31 13 9.7146034 


«6 F  37'ss5 «9.89791117 + 
Which 37 d. 55'is the angle at F required. | 
_Caſe'6. Two angles, and the ſide between them given © to 

find one of the other fides. | | 
Dat.G H 38d. 28, H56.d. 26',G 107d. 36". required F G. 
Let fall the'perpendicular from G as in the firſt triangle ; for ſo it 

wp from pony i the {ide or G A oppoſite to its adjacent an- 

ole eiven H, and alſo oppoſite to t required F G,as in this 

it ought t5 do. A __—_— f ADE Ov 


-- 


Firſt, 


The Second Book, | 
Firſt, for the perpend. G B, ſay, 5 G B-Rad=s H-+-5G H: 
Secondly, for the angle at the perpend;BGH, ſay,sc GH+Rad= 
te Ha=trc BGH, the ſum or remainer of G,and BG His BGE, 
Ll for the lide requited Þ G, ſay, 5& BOF--Rad=tB G-+ 
tc FCG, 
The operations ate as followeth.. \ 
1.sH ' 564d.26'.9.9207717 I.tH 56d,26' 10.1781197 
| :GH38 28. 9.79333t7 . 1GH38 28 9.8937453 
"76 3t © 13 \9.7046034 + '#eBCH4o 17 10;0718649 
| CTY from G' 107 36 . 
— ys refts BGF 67 19 
III, ts BG "31 13 ro.2175136 
ic BGF '67 19 . 9-5861 7957 


rFf& 53 33: '9:8536931- 
Which 57 deg. 32 is the tide required. 


Caſe 7. Two ſides with ar angle oPpe ite to one of them given: 
to find the third ſide... 4 4 - 


Dee. F G579.32, "EA 59% EGH 107d. 36',or its com - 
plement fo x 80 deprees 72 d. 24 required G H : here letting fall the... 
perpendicular from F, as in the{econd:rianvle. 

Fin ,for the perpendiculaf FBylay »FB+Rad=s FG +5 FGB.. 


Secorr?fy;for the baſe GB dap-4e-2G Br Rad rc Hu. 
ne for the hyſe Rap ES FH+ Seder Tarn 
The ſum or remainer of BG andB Hi P. wh fide required! L 


12 WAY Jy 36. opt 
I.sFG 57d. 32 9.9261g0t. 11;.4. F7 0.34% Io. to615044 
;FGB72. 4 997 9-9791798 7 ep: Eg 24+ 9.405385” 


FB. 53:32 9-99 3699. | 2+ * 257, 9:6969089. 
wn (Cor. Ep 44:4, gn g1ec 
| EB 74, 59, 19:4176903 7 
14-77 BH 63. 53 96436404. 
; .. : —BO, 25. 3J'r | 
_ ret GH ;8 2's, whialiis ahe fide required: |. 


LORAFP 


Second Example. 
In the third triangle : 
- D(EMgLs 28', FH 74d. 50), G or rather BG H7: d. 
24 required F G, 
Firk , for the perpendicular B H, ſay, « B H+Rid =: 0 Ho 
«BGH. 
Secondly for the baſe B G,ſay,re BG H+-Rad=tc G H-+t GB. 
, for the baſe B F,fay, is F H-rRad=s5c B H+5c BF. 
A from B F, ſubRraRting BG, there remains F G required. | 
| ; The operations. 
I.s GH 389.28 9.7938317 ll.c GH 38d.28' 9.9000965 
sBGH 72 24 9.9791798 3cBGH72 24 9.48az385 


s BH 36 22 9.7730215 t BG13 30; PIPELnFo 
III. Co. ar. 5& BH 36d,22' 0.0940753 
5cFH 74 50 9.4176963 


BF 71 02; 9.5117716 
—BG 13 30; 
ret FG 57 32, mhichi is the fide ——_—— 


> 
b, 


? - 
CY * 
G Pos 


*E B HE . HUH 


Caſe 8. Two ſides, with an » angle oppoſite to one . f them gi- 
ven -" to find their contained angle, x 


Dat.GF 57d. 32', GH 38d. 28, H 56d. 26"required G. 
Let fall the perpen rpendicular from G, as in the ficft triangle. 

 Firkt, for the perpendicular G B, ſay, 5 & B+Rad=s GH=+: B. 
Secondly, for the angle B G H, fay, 5G H+ Rad = tc H+ 


teB 


Thirdly,for the angle BG F, ſays BGF-+Rad=t BG—+tc GF. 


Ts ſur('or remainer of BH.and BGF is the angle at G —_— : 
i&:;5 
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The operations are as followeth. 


I :GH 38d. 28' 9.7938317. Il.t : Hg6d.26 10.1781197 
s' H 56, 26, 9.9207717 i5cGH 38 28 9.893745: 


£5 GB. 31.,13. 9.7146034 teBGH40 17.10,071864g 
III. s' BG 31d. 13 .9-7824064 | | 
tic GF 57 32 9:8036296 


5c BGF 67 19 9g.5861160 -- 

+ BG H*zo 17 23 6 
G 107 36, Which is the angle required. 
2 Example, in the third triangle. 
Dat. F H 74d. 50',G H 38d. 28', the acute angle atG 72 d. 
24 fequired the angle at H, thatis, FHG. 

Firlt; for the. perpend. 5 H, ſay,sB H+-Rad=s BGH—+: GH. 
> aa theangle B HG, ſay, 56 G H+Rad = tc BG H+ 


_ tcB HC 0 A Bhs. 
Thirdly, for the angle BHF,fay, ic BHFARad=:r BH—+tc FH. 
| The operations follow. 
I. s BGH 729.24 9.9791798 IIs BGH 72 G24 10.4986413 
s GH38 28 9.7938317 . 16 GH 38 28. 9.8937 452 
s BH36 23 9.773015  1cBHG 22 03310.3923865 
IE.e; BH 36d. 22 9.8670937 Fe 
tc EH 74 50 9.4330804 
««BHF 78 29% 9.3001741 
—BHG 22 032 we #4; AA 
reſt GHF 5& 26, the angle required. 


Caſe 9. Two angles and « fide oppoſite th one of them given': 
to find the rrp lg LO Roi Et. 


Dat, FG 57d. 32', Gacute72 9d. 24, H 56d. 26, required P. 
Letfall the KISS from F, a$in the ſecond triangle. © - 
Fieſt,for the perpend. F Byſay,s F B+=Rad=s FG+-sF GB. 
Secondly,for the avgle BF G,fay,,o FOG + Rad=re G+tre BF G. © 
Thirdly, for the angle B F H,ſay,/cs H+Rad—5cF B+ B FH. 
The ſum or remainer of B F G and dot, FA required: --- 


3 Is 


| The 


Wi h 


g 1049 364r; 
; eto 


VER > '7 $6” 


8: BFH 68 29% IS 
> —BFG 30 35 
GP 39-54; ethic aeFregure. 


Cafe 10; Two ungles, ey TY NE 7 if ihers piurn.: 
0 find the fide Fails ; robe an 


Dat. H 56 d. 26, G acute 72 4. WH 655 d. 3s, required G4 
Here the perpendicular muſt fall-from F, as inthe ſerond triarivle, 
Firſt, for the perpend, F B, fay, 5 F B-tRad=s F G-r14G... 
Secondly, for the baſe B G, ſay, 35s G-Rad=rc F G+c BB. 
Thirdly, for the baſe B H, \ lay, ;B H-Rad=t F Bots BH, 

The ſum or remainer of BG and BY, is'G H. 


4. 4.4 367. The; operations. 5:4 Ter 
L:FG570.32:" 9.9261902 I.eFG 53 0.35 164 p65704 | 
s G72 24 9.9791798 Ie G72 y, 9.4805385 


.<- sFB 53 32 ,9.9053699 - Dub 35 « 55 Lk aol 
BE 1M.;yPB ) ma -52"- 20.2323 196 

= 7. Fe 0 ' _— 9.8218803-* oo _ 

% = 8 ah 5, ——————— 1 © wi Ub 43 a - tg 1 
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| adrerederer * SER 
| (And this may {uffce'tonching theſe cighit Caſct of an oblique phe... 
rical triangle, there rethein two.orher Cales, as wh three 
fides are given to flnd an;angfe, or the three angles.to find a fide. The 
ficſt of-which js 6f, frequent uſe, and therefore (thoygh in the former 
Editions of this Book) we have ſhewed the reſolution thereof three 
ſeveral wa yappear in the (hopter following; yetT conceive 
it will words ous,to give here an Example or two more in that 
third way of plans mtich a$ it is cafily wrought arithmetically, 
ſoit is ths aptelt for inftrumental operations, whether you uſe Mr. 
Guater's Logarithmical Ruler, or Mr, #i»gates, or any other right li-. 
ned, or ether circular, or ſerpentine projection of the Logarithms; or 
the Setor, 6: : ef +Þ 4 Ny T : : 


Caſe 11:. Three fides of an oblique tritngh given - to find 
a1: angle, ES. 
The Rule anil ground for the ſolution of This Problemy is ſhewed 


in the Chepter following, therefore we come'to Examples. 
©. The firſt Example may be this. 
Let there be given the latitude of the place, or Poles elevation Fi 
d. 32 m. the Sung altitude Fo d. 28 m. the Sung Jeclinativg northerly 
gt.  '- , 


15. 10 m, andlet therebe required the $ 
In this triangle F G MH, let G repreſent-- 


the Zenith, H the North-pole, F the Sun, , 
then the complement of the Poles eleva- .* *'--..B 
tion, is oa; qu 1 fS. . 


the.com.of the (uns altitude G ©5711 .38)5 277 CIT 
the com.of the ſuns declis,,F M74 i1>F> 207d 
et the ſuns diance from the North-pole. '- + EO 
Thenis the angle F G H the Suns-azi> © H 

muth from the North, or FG B the Suns : | 
2i\muth from the South, either of which is the angle required, and 
therefore oppoſite thereto I let fall the perpendicular F B, and make 
BT equal to BG, ordering th: work as followeth, 


OL 


SM : 
- 5 wi. 
” 


4 airs 


> Tenders: 3 whoſe com.GH 384.28'. 199.147c10.4573123 
-Suns altitu. 332.3 whoſe com. FG 57 3228 46. 
decli. 1510 whoſe com.F H 74 50* 37 25 


| the ſum of half the (ides, - G01 $1oi3$Fi676 
the difference of half the Gdes o8 '39t 9.1822106 


.* Gives the half of the alternate baſe : H 1 44 39 9.994690 
- from which take half the true baſe 3G H 19 14 ex ity 

there remains | BG 25 25 

. Thus in the right angled triangle BG F, having found the baſe 
B G, and the hypothenuſal F G, being before at firſt given, we may 
find the angle at $, ſaying, 
56 G+Rad=tB G-+te F G,thatis,s BG 25d. 25% 9,6768686 

FG 57 32 
5s G 7232 24 
And thus we have found the acute angle at G, namely, B G F, to be 

52 deg. 24 m, which is the Suns azimuth from the South, which was 
required, 


B. 
G Oe. GK 
F RB HF | 


H F H 


The Second Example. 
Lot there be given as before, the latitude 51d. 32 m. the Suns al- 
..eitude 34 d. 28 m. the Suns declination nertherly 15 d. 16 m. And 
* - *Aetthere be required the hour from neos, or angle at #7. 
_—_— We: order the operation as followeth, 


Latitude 


a . 
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Latitude 519.32 whoſe com.isG H3 8d.28 t9d.14tc10,4573133 


Suns altit.32. 28 whoſe comisF 57 32928 46 
Suas decl.15 10 whoſe com.i$FH 74 50" 37 25 


' the ſum of half the ſides . 66 118 10.3551676 
the difference of half the ſides ' o8 398 9g.1822106 


oives the half of the alternate baſe 3 H 144 39s 9-9946905 
to which adding balf the true bale ; JH 19 14 


the ſura is the baſe | BH 63 53 

Thus in the right angled triangle B H F, having the baſe B H 63 d. 

| 53 m- and hypothenuſal F H,, being before at fictt given 74d. 50 m. 

we may find the angle at H, (aying, 

55 H+Rad=t B H-+tc F H,thatis,: BH 63 53 10.3095777 
tc FH 74 50 9.4330894 


' $86 H 56 236 9g 7426521 

And thus have we found the angle of the hour from noon #, to be 

56d. 26 m. which converted into time, is 3 ho. 45' 44", before or 
after noon. © - | 

 Inlike ſort you may find the heur of night by any known tar , for 
the fame things deing given, namely, the latitude of the place, the 
altitude of the far, and its declination,you may findthz angle at H, 
as before; and (> the true hour and minute (if it were the Sun) which 
note, Then from that Rarsright aſcenſion, ſubtract the Suns right aſ-- 
cenlien, and the remainer converted into'time, add to the hour and 
_— before noted, that total is the true hour and minute of the 

WEN, - 0 PE # 

:But in gathering the Suns right aſcenfion, you muſt remember that 
it differs every day about one degree or four minutes of time (as more 
exaRly in the Table appears) and io you muſt allow proportionably, 
forthe time that the Sun is palt the meridian of the place fer which 
your Tables were. made : a$ if ir be' fix hours palt it, the right aſcenfi- 
0n 18 increaſed/ about- one minute of time; if twelve hours, then 
On] if eighteen houts, th:n about three minutes of 
time, oe. \ x 


CHAP: 
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, CHAP. VILT | 
of the ſecond Fundamental Axiom, and of the Caſts thereon 
depending © with two other Axioms to the ſame purpoſe, 


Boks ' © 2. Enndamental Axiom. IT : 
TN a ſpherical triangle, if half the difference of the ſides contain- 
| | ing an angle, be added to half the fide oppoſite to that angle, and 
likewiſe ſubtracted from the ſame, and the ſum and remainer noted : 
Theu 4s the rettangle of the ſines of the containng fsdes, #4 to the 

[quare of \Radine : _ ; Eq 
Ss # the reftangle of the fines of the foreſaid ſum and remanner ts 
the ſquare of the ſine of balf the contained angle, 
As in the triangle ADE, 
Let D be the contained angle, and let A'B be the difference of the 
- containing fides AD and ED(for DB wequalto ED) and let 
AE, that is, AS, be the fide oppoſite to the angle at D. Then ma- 
kivng SK equal to AB, draw the ſubtendents AK and BS; and 
dividing the arch A K or BS equally in R, draw from the center the 
P_ H R, Then draming Q X parallelto HP, and BL and GO ts 
AH, &c. | 

'. G9 x the verſed fine of the angle ADE, au alſs of the arch 
G X. 7Therefore the arch G N, 1 the meaſare of the angle AD E: 
But OX % in the right fine of the arch G X, therefors Q Xtcalſo 
* theright ſine of thenngle ADE. . | ” 

And ſeeing A'S us equal to the oppoſite fide AE,and SKto AB, 
the difference of the containing ſides, therefore the whole arch MA K, « 
equal te AE and AB; therefore the half thereof AR, « the 

ſum of the halves of A E and AB, that ss, of wp £ the ir ſode, 
and of half the difference of the containing ſides , the ne whereof 1s 
AW And if the difference A B, be taken from the ſide ME, that 
# from A S,the remainerts BS, the half whereof u B R + ſo that 
| if the balf of AB be ſulftratted from the half of A Eor A'S,the 
remainer is BR. And ſeing G Nsequalto AD, GO the ſine of 
-G N, 4 alſo the ſineof AD, and BCusthefueof DE or DB. $o 
' that BC and G Oare the fines of the containing ſides AD andeE D, 
and AW and B R are the fines of the foreſaid ſum and remainer , and 
GT the fine of half the angle at D. I ſay then that, = 

If Fs 
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As the reflavgle of the fixes of the conta;mng fides AD and E D, 
ro the ſquare of Radins : | I 
Jo tt the reftangle of the fives of the ſuns and remarn: AR ad BR, 
* 20 the ſquare of the fine of half the angle ADE, vamrly, to the 
ſquare of the fine of half yg GK. q 
"4 wv . " That #, | 
es the _—_— GO and BC, vv tothe ſquare of GH: 
fo uthereflangieof AW and BR, tothe ſquare of GY. 
'Demonſt. ' For 44 G H, the ſemidianeter of 4 great circle, 4g 
groprtionto BC the ſemidianeter of a lefſer : ſo ® QH the ſive of 
4 certain arch inthe greater, to EC the ſine of the likg arch un the 
leſs; andſois G Q the verſed ſine in the ove, to BE the werſed five 
| w_ ether, Which 1 more largely demonſtrated by Piniſcus, lib.s , and 
others. | $15 


f 
® 1 
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= Therefore 4 GH w iwproportion io BC,ſow GQ to BE. 
 eAndas CH winproperriontoGO,fois BE to BL. For the 
"triangles G O H- and B LE are equiangled, Therefore as the ſquare 
of -& H, is #0 the -rebtangle. ff BC in GO: ſo u the rittangle of 
GQ is BE, to thereftangleof BL in BE, Y 
And dividing the two laſt reftangles by B E, then as the ſquare of 
CH,svir BC in GO: ſow WQ t BL. | 
| ' Or the Converſe, namely, : 
eAs BC in G ©, to the ſquareof GH: ſows BL to GQ, 
Again, ſering that AK us parallel to BS, and BL to AH: 
therefore 'the angle S B Lu equal tothe angle H AW : therefore the 
right angled triangles SBL, and H A W, are equiangled. Likewiſe 
' ſeeing the right angled triangles Y GH, and QG XN, have the angle 
'Y G i common to them both, therefore they are aiſo equiangle. . 
Therefore as AW t#* in propertiontse AH Kadixa: ſo. BL to 
BS. Andas G Y w npropertioy ts GH Radic: ſou G QtoG X. 
Therefore the reftangle of AW iy BS, & equal to that of B L un 
Radine. Alſo the reflangleof GY in GX, « equal tothat of GQ_ 
in Radic. Therefore as the rettlangleof AW im BS, © tothe reltan- 
gle of GY in GX,ſou the reflengieaf BL i» Radin,tothe ret. 
angle of G Q un Radius, SPE. 2-4 A 
And: dividing the two. laft reftangles by. Radine, then s AW in 
BS,wto GY in GX: ſoz BL to G Q, +I 
But as BL # inpropertuon to 
BC n GO, to the ſquare of  G H ;- that is, to the ſquare of 


G Q: ſo ( 46 before 5 proved) 5 
Radins : Therefore, 


As BC in G O, « to the ſquare of Radine : 

fois AW in BS,to GY in GX. | 

6 But s AW in BS #to GY in GX: ſais AW in thehalf of 
52 BS (thatzs BR) 19 GY 3s the half of GX (thats GY) 
# therefore as the rettangle of BC in GO, 1s tothe ſquare of GH: 
ſo is the reflargleof AW is BR, tothe ſquare of GY. 

WM " _ was to be provel. | | 

3 . Now to apply this Propeſition to artificial fines, 

Seeing. ( by the niath Prop. Cha .2, of Plabn tx ar ) the Lo- 
g2rithm of a reRangle is equal to the Logarithms of the ſides there. 
of: and (by the Corollary of the ſame ) the Logfrithm of 2 ſquare 
s equal to the Logarithm- cf. his fide--doubled : therefore by the 

Sams OY) : thicd 


Ly 
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third Prop.of the ſame Chap.) If unto the artificial ſines of the fore- 
ſaid ſum and remainer, be added twice Radius ; and from that total be 
ſubtracted the fines of the containing ſides : half the remainer is the 
fine of balf the contained angle required. Or, (by the 4 Prop. of that 
hap.) 1f inſtead of ſubtraQting the fines of the containing lides,we 
add their ſeveral Complements arithmetical, the total is more than the 
remainer would have been by twice Radius. Therefore leaving aut 
twice Radins : if to the ſeveral Complements arithmetical of the 
fines of the containing ſides, be added the fines of the aforeſaid ſum 
and remainer, half chat total isthe ſine of half the contained angle 
required. - ; 
This ground thus laid, we come to that two Caſes thereon depending. 


Pp Caſe 
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Caſe 11, The three ſides of a Spherical Triangle being given : 
to find an angle, © 


-— Take half the difference of the ſides containing the angle required, 
and add it to half the fide oppoſite to that angle ; and likewiſe fub- 
raQ it from the ſame, noting the ſum and remaiyer. 

Then to the complemints aritbmetical of the artificial fines of the 
containing fdes;add the ariel fnes of the foreſnid ſum and remainer, 
and the half of that toral 44 the artificial fine of half the gngle re- 

ured, - ; 

F © This heing before proved, we proceed to Examples. 


Let there be given the? AD 38d.28' : 
three fides of the rs I” let there be required 


anzle ADE, namely; \ .the angle at D. 
Differ. of A'D and E D,56 0.32'YAD 38-28,5 06.ar. 0.2061683 
Half difference, 16/ED g5-00,5'c0.a7. 0.0016558 
Half of AE, 28 ooS/m 66-165 9.961624 4. 


the ſum J, 66 16 FRO $457 " nC042e 

the remainer, ; 44 % - - 19.3974966 
A balf D 29-5g;s *© 9.6987483 

Which eoubledis 59 deg. 58', the angledat D requiteg. 
Note. We have formerly noted + 

that the fine of an arch above go 

deg. is the (age with the fine of an | A 

arch as much beneath go deg, as' in F4 


this example, the fige'of 95 deg. is  / _ 
the ſame with the fine of 3 5 deg. S / | 


1 Example in Application, 


Let there be given in this Triangle; / 
The Poles eltwation, compl. A D, 51/4. 32'S. D, 38d, 28 
The Suns declinatron,compl. E D, 15 10 Jz E D, 74 50 
The Swns height, compl. AE,32- 28 CENAE, 57 32 
And let there be required the hour from noon D. 
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The difference of the fides A D and E "— 36 deor,22' 
» . O L 


the angle required, oft, 
The half of that difference i ; I 18 It 
The half of the oppoſite fide eA E, # 28 46 


The ſuns of the half difference, and of the half ſide,is 46 57 

The remainer of the half diff.takgn from the half fide, #s 10 35 
Which thus ordered, we reſolve the Problem thus. 

The Polgs elevation compl. A D 38 deg. 28' $co. ar. 0.2061683 

The Suns decliuat, compl. E D 74 FO 5$00,7, 0.0153967 


The aforeſaid ſun, 46 $7 0 9.8637737 
The aforeſaid remainer, « 20. 39-8 9.2640274. 
Suns 19.349?66L 


28 deg. 13*. The h-If 9.6746830 

The arch anſweripe to this fine 9.6746830, is 28 deg. 13', which 
doubled, is 56 deg. 26, the angleat D required. 

Which converted into time, is 3 ho. 45' 44”, the hour from noon, 
namely, 14 16", aftereight of the clock in the morning, or 45 44", 
after three of the clock in the afrernoon, In like ſort,may the hour 
of the night be found by ſome known far, as we kave before touched 
at the endof the lat Chapter. 


2 Example. 

Let there be given, 
The Poles elevation, compl. AD 519.32 CWZAD 389. 28' 
The Suns declination, compl, ED 15 19d v>ED 74 50 
The Snns height, compl,Þ AE 32 28CESNAE57 3: 

And let there be required the Suns azimuth from the North L. 
The difference of the ſides containing the angle ve-F . ; 

eee RR Hes of p D pos Ip E 3 19 degr. 04 


Half of that difference, 07.09. 33 

Half of the oppoſe ſide "'E D, i <=: 
- Sum of the half difference, and of the half ſide, is 46 57 

Renwainer of the half differ. taken from the half ſideyis 27 53 


P 2 Which 
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Which thus ordered, we reſolve the Problem thus, 

_ Poles elevation, compl, AD 38 deg, 28' 5co,ar. 0.2061983 
Suns altitude, compl9Þ AE 57 * 32 5 c0.ar,. 0.0738100 


eAforeſaid ſum, 46 $7.89 98637737 
Aforeſaid remainer, 27 F3 8 9.6696420 


Suns I9.8136940 
53 deg. 48' the half 9g.9068470 
The arch anſwering to this fine 9.905 8470, is 53 d. 48 m. which 
doubled, is 107 deg. 36 m. the angle at A, which is the Sung azimuth 
from the North part of the Meridian. 
Otherwiſe the operations in this Problem may be thus ordered, F 
Poles elew, No. 51 9.32 Co.of thePoles ele®. AD 38 d.2 8'S19d 14 
Snns altit, 132 28 Co.of theSuns altt, AE57 32£&28 46 


& 
Suns decl, No, 15 1o Compl. thereof ED74 yog37 25 


difference) 25 
7; ©, 46 57 
remainer - v7 $5 


Hence we reſolve the Problem, as before. 
AD 38 deg. 28' 5co.ar. 0.2061683 
AE 57 32 $c0.47, 0.073 8099 


jaw 4#: 37 2 9-8637737 
remanr 27 53s 9.6699420 

: IPL 

: 3 8 9.9068469 
Which doubled,is 107 36, the Suns azimuth from 
; ( the North. 


| Again, for the South declination. 
Poles elev. No. 51 d.32 Co.of thePoles elev. AD384.28'Q 1 9d.14, 
Smns attic, O5 10 Co.of theSuns altit, A E.84, FyoB8 42 25 


Swns decl, $0,215 10 Swnsdi.from no. pole. ED 107 108 F3 35 
; difference 23 11 
ſum ._ 75 46 
remaine 29 24 
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Hence we reſolve the Queltion thos. 
AD 38 deg. 28 m. $co.ar, 0.2061683 
AE 84 FO Y$£0,47, 0.0017682 


f5 26 Jans-" "3s - | 465. 8 9.93864593 
= remainer 29 24 # 9.6909964 
19.8853022 

GI Ih; ----£ 9.9426511 

Which doubled, is 122 25, th2 Suns azimuth frem 

( the Notth. 


Note. And after the form of either of theſe Examples, we may by 
the [anse things given, find the angle of the ſame poſition, 2 2g 
3 Asif there were given,the Poles elevation, the Suns declination, 


aud the Suns height : to find the angle of the Suns poſition, 


This eleventh Propoſition is often uſed by Sea-men, eſpecially. the 
os Example, for finding the azimuth, whereby the variation of the 

ompaſs may be known af Sea, after this manner. 

Aboutthe middle of the forenoon, or afterneon, the hight of the 
Sun above the Horizon is to betaken by ſome Inftrument for that pur- 
poſe, which being noted down, you are at the ſame inſtant ( ſo near as 
may be) toſet the Sun with your Compaſs '( fitted for that purpoſe, 
the outward circumference of the Fly or Card divided into degrees, 
and the Needle placed under the North and South points of the Card) 
and note down likewiſe upon what degree of the Compaſs ( reckon- 
ing from the North ) you found the Sun. Then knowing by your 
former obſervations and reckoning, your Latitude, and by your Tables 
for that purpoſe the Suns declination, there is given the Poles elevati- 
on,th2 Suns declination,and the Suns | 
height above the Horizon, where= _ 2 


by,according to the ſecond Example Þ PN WR. 
{alt' before going, you may find the : | 
Suns true azimuth in 'degrees and y Bu 

minutes from the North ; which for Ta mY 


compared with the degrees before Z - np 

found by the Compaſs, if both agree, | | 

the Compaſs hath no variation ; if there be any difference, that dif- 

ference 1s the variation ; Which variation, whether it be eaſterly or 
| ; weſterly 


þ & 6) ." Trigoweometr 7e, : 
weſterly, may be known by the Rule before given upon the twelfth 
Cajeof the third-Chapter of right angled triangles. | 
- As intheſccond Example laſt before going. Admit that at the ſame 
inſtant, when I obſerved the height of. the Sunin the morning to be 32 
d. 23m, I ſct the Sun by my Compais, awd found it to be from the 
Eaſt point towards the South 1 2 deg. that is,from the North 102 deg, 
But the SunsTrue azimuth from the North found by calculation,is x 07 
deg. 364m. the difference between theſe two is 5 dey. 36 m, which is 
the variation of the Compais. | | | 
But to know whether this variation be Eaſterly or Weſterly,T conſi- 
der thatby the Suns true azimuth found by calculation, the Sun ſhould 
have been fromthe North 1.07 deg. 36 m. that as, from the Eat point 
of the Compaſs tothe Somhwards 17 deg. 36 m. Whereas ſetting it 
with my Compaſs, it was fromthe Eaft to the Southwards but 1 2 dee, 
So that the degree whereon the Sun ſhould have been, was more to- 
ward the Tight hand, than the degree whereonirmwas : therefore I affirm 
the variation to be Eafterly's deg, 36 m. By the ſame Problem, may 
the variation of a Needlebefound on the land. | 


Caſe 12, The three angles of a ſpherical Triangle given: to 
find a ſide, 


© This is performed by the laſt Axiom, the angles being converted 
into ſides, and the fides into angles ( as we have ſhewed Chap. 1. Of 
. Spherical Triangles) taking inſtead of the greateſt angle his comple- 
ment to x80 deg, ! 

Wherefore having taken inſtead of the greateſt angle his comple- 
ment0 180 des. and all things elſe remaining as before. 

Take half the difference of the angles that are adjacent to the fide 
required, and addit to half the angle oppoſite to that fide ; and like- 
wiſe ſubtract it from the ſame, noting the ſum and remainer. 

Then to the complements arithmetical of the artificial ſines of the ad- 
Jacent angles, add the artificial ines of the foreſaid ſum and remainer, 
and the half of that total the artifictal ſine of half the ſide required. 

Thelike reaſon ſerves cr this, as for the laſt Caſe before going. We 
come therefore to Examples. 


Let there be given the. rs 7 d.36',that is 72 9.24” And let there 
three angles. of the tri D 56 26pbe required 
angle A D E,namely,#E pe 37 55JIthe fide E D. 


Differ. 


OR The Second Book. .--— 
DiFer.of E and D «,1 89.31. n 56-26 $480. ar, 0,0792283 
g | 1 | P * » _— 677 
The half difference, 09 15; top 37-54 $00.47, OZ114 
5 of 45-237; 8 9:8529314 
The half of oA, 15 WS rem, 2'6=56; 5 9:6561780 
The ſum 45 375 — 
T he remainer 26 56} ſum 19.7999054 
 $2+35 half 9.8999027 
Which doubled, is 105 deg. 10 min. the complement whereof to 
380 deg. is 74 deg- 50 min. which is the fide required, E D. 
1 Example in application, Let there be given, 
The Suns azimmth, A 107 deg. 36 , or 72 deg. 24 m. A+ 
The hour from noon, D indegrees 56 26 ÞÞ 


T he angle of poſition, E 37 _ | Mo. 
Andis x Xa be required the Suns height, being the complement of 
AE. 
 Thedifference of the adjacent angles Aand E, is . 34d. 29 
The half of that difference 4s 17 ' 14x 


The half of the angle D, oppoſite to the fe required, s 28 13 
The ſuns of the half difference and balf ay 
fe bf Aerie wy 


| le, 45 27z 
The remaever of t 


differ takg n from the half angle,is 10 58: 
Then for the te{oJution of this Problem. 
The Suns azimmth A 72 deg. 24 's ( awpl. ar. 0.0208202 


The angle of poſition E 37 55. s Compl, ar. 02114577 
The foreſaid ſum 45 2755 9.8529314 
The foreſard remaiger 10 585 8 9-2796227 


| be SIN | ſam  19,3648420 

Which doubled, is 57 deg.-32- min. the fide AE, the complement 
whereof 32 deg. 28 min. 1s the wes of the Sun required. 

And after the form of this example the ſame things being given : 
namely, rhe Suns azimuth, the bour from Noon, and the angle of ;the 
Suns polition being given : we may find 2 The Suns declination ( as 
1n tliz former example) 3 Or the Poles elevation. | 

Nate. Although inthe converſion .of angles ints ſides, you may al- 
wayes (45 15.afareſaid) take inſtead of the greateſt angleghis comple- 
ment to 180 deg yet you are not ſo todo of neceſſity, for you may take the 
complement of one of the leſſer angles, te 180 deg. Ar, Let 


—_— 


$22 y 48: » i OS 
: * oy » 2 na 4 
a” __ 
a 


L134 


_ 
. 
/ *F has. - 4 


J EOS 2 
” % S vw 
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A . | 


be, | Lerahere be given theCA- 7 * 107 4.363 And let there be 
; three angles of the ri=LD 564.26 of 193 34 romebearc) 
anole 4A D E,namely,yE” * © ©: 037 55% the fide E D. 


Differ of E and Ds 859d. 39 Y Dy56-26 360.47. . 0.079228 #$ 
The half difference. 42 495 E'37-55. $60.47, 0-2114677 


Tg g &/um 83-223 6 9-9971562 
wget _ ge rem,10-58- 5s 9.2796227 
The remainer, 10 37; 19.5674749 
| 9.7837374 


; 194 -25 
Wh:ch doubled, i 65nd the ſide E D required. 

He hath another way very little ipferiour to the former, fof the ſo- 
lution of the two laſt Caſes, which Mr. Gunter makes uſe of, As if 
'Three ſides be given to find an angle. | 

Add the three fides together, noting half that ſum, anq from that 
half, ſubſra&t the fide oppoſite to the angle required, and'ridte the- re- 
mainer.... Then, be: — 

As the reftangle of the fines of the contamng fides, 

# tothe ſquart of Radind : LOT v 

ſows the reftanple of the ſines of the foreſaid ſum and remaner, 

ro the ſquare f a ſine whoſe arches compl.doubled,ss the angle ſougbt. 
- By containing fides,We mean the ſides containing the angle r:quired. 

Therefore working by artificial fines, - 

Add to the complements arithmetical of the fines of the contain- 
Ing fides, the fines of the foreſaid ſum and remainer, half that total is - 
the fine of an arch, whoſe complement doubled, is the angle ſought. 

Let the Example be here as before, namely, . (atD. 

"AE 574. 32/,and let there be required the angle 

Let there be gvend AD 38 28 5 Compl. arith. 0,2061683 
E D'74 50 5 Compl. arith. 0,0153967 


| I70 FO 
The half ſuns 85 35s 9.9986090 
The remainer vw x43 8 9.6692420 


19.8901160 


"x The complement of this fines arch, 1s 28 dep. 13 m. 9.94505 30 
Which dowbled, is \- 11" INS : 26 theangleat Dre- 
3: ( ous 

I 


= 


The Shy I15: 
AG the three anglegbe given. to 9 finda fray 0u.mup convert the an- 
olcs into &c-'as betare is. ſhewed.. ....; 
_ Although either of theſe.a1o laſt Axioms are very ſaſicient forthe, 
ſolution of Eg oj Can. an oblique ſpherical. triangle acich-. 
herefore 


teti of thegt can ſo aptly be applied ioftrumentally: 
< ab Agent be hath to FU 


We will t pens ſer down the t 


ſkme-purpole; -/ Slqmars 


eA'« the Tin, ere ome UE, 1m > 5 > Þd 


tot 


to the tangent of the alternate Gonviedie: 
That Wy. * ook :269Þ02)s7 55.1 > Yo 
| As the tangent of the half. of . A cont 116) M iv 
| _ to the tangent of half / ſect —_ ADandED.. TT 
MSFT ag of half the difference of A D ard E D. 1 
f, to the tangent of the half "of A 1. - 


oF be Jamenfration, whereof, you. my: ſe i in bis Second Bnkaf Tri 
anoles. 

"T; herefore adding the balf . of rhoges baſe P E, to = balf- of ihe 
alternate baſe A Fr ; the ſum is A B, thi baſe of the right angledtri- 
angle ABD.: alſo the difference of the hatues of A. E Sy A FP, # EB, 
the baſe of the othor right angled triangle E B D. 


"A 


I x6 z ; Tr i$0nmetric : POE | | 

Andthu in either of thr right angled triangles ABD and EBD, 
we have the baſe and hypothenufal, whereby at one other operation either 
of the angles oppoſite to tht perpendicular, namely, the angle at «A, or 
that at E, may be found by the13 (aſe of right wigled trizngles. 
Therefore, the three fidts bring groen, we may frail an angle. 


As for example, in the firlt of | theſe triangles, let there be required 
the angle at A, the three ſides being given, namely, 


AE 7409. 50 : the half of AE 378. 25' 3 mm r0.1163279 


AD57 32 whebalf ff AD28 46 
ED 38 328 thrbaff ff ED19 14 


T he ſums of half the ſides 48 oo tf 10.0455626 
The difference of half the ſides og 32. t 9.2251560 
The hulf of A1 Kh: 43 t 9.380465 
to which adding half of A E Eo FS 
The ſum is cA B | Fi O7 

Secondly, 


AB 51 deg. 07' the taugent of A B 10.0934397 
AD 57 E 32 tancompl. of AD g.8036296 


A 37 55 make fixe compl. A 9.8970693 


And thus we-have found the angle at e to be 37 des. 55 min, and 
in like manner we might have found any of the other angles. 

Nee. For the reſolution of queſtions'of this nature inſtrumen- 
tally, Mr, Guzter (an ingenious man'in\contriving and applying of 
Inſtruments ) makes uſcof 'the right and verſed fines, and {> reſolves 
them at two operations, and ſometimes he uſeth the right fines only, , 
but then he hath three operations. Notwitliftanding they may alſo be 
performed at-two operations without verſed fines, uſing only the tan- 
gents, as We have here ſhewed. SE 

\Now, as we'have before for right 4tigted trianyles, fo we will here 
for oblique repreſentin'a Table the operations uſed in every Caſe, by 
theviewof which Table you may be direQedin the reſolution of any 
odliq ue ſpherica \vyiangle.. POgaY "ak 


An 


's An Een) i 7 able 
— 


*n Oblque Spherical Triangle. 


"PPuties 


The P; Properttonaltty. 


Two lead a fide oppor 
co one of them given : to fi 
the fide ph nn to the other. " 


ITY s;E, Ma s A, 5ED 


1wo fides,wlth an angle oppo. 
lit to one of them gi en: td Gai 
che angle oppokite to the ot! other. 


—_—— 


4 Ge iED, sA, sAD, 5B 
D 


Two ſides withY The third fide A 


their contained 
angle given : to{ One of the 0- 


Two fades with The third fide] 
one of their op- 
(pokite angles gi-( Their contai-| x 


ven; to yo ned angle. 


BRRATY >” 
D WT of A Band AEisEL 


A. 4 
JAE E ſur or rem. ABandAEisEB 
cc eB 20K ea, ct - 


"_ 
*2) 


46A tAD, AB. | 


AB, EB, AD, io ED 


5c, tAD, rAB 


find ther angles. 
| Kea. 5 AD, A, CER 
The third E <ſum or rem. BDA and Dis BDE 
hg Fg angle. aph s5BDA, 5BDE, <A, 5cE 
them given; to({ One of the| Ra. 5&r AD, tA, icBDA 
al other ſides. ED <' ſum or rem. BDA and D is BDE 
__CT_ _ 65 BDE, 5 BDA, r AD, rED|__ 


- _.  —_- T et AD, "Cn = 
56 AD, 56 ED, 56 AB, 
ſum or differ... 4B and E Bi is AE 


ic EB 7 


Ke. ic AD, t 4, tc BD A 
tc AD\te ED, ic 7 DA,sc BDE 
ſum or differ. BD A and # DE is D 


DI ET AD, r 4, fe BD A 


| [Two angles with The third ic A, 5c B, :BD A, sBDE\ g 
one of chove op-( angle. AD a ſum or differ. BD A& BDE i is D p< 
poſite > fd” Theſide be- "ts 'E 5 7 f : 74 ” Ks 5 
ven; to fin tweengthem e.T2,s s of 

um or differ. of ABS EBis AE; - 
"The Equality. - 

:  AE+iatAD £.4.s AD: | 
Three 6des F & E Dis ſum F c.a,s ED Zis \ 
[oy :, 0 COMES LAESdIf.ADE Sum. sF 5D 

" | &ED is rem.G YRem. 5G 


h———— 


Three anglzs 
oven ; tohSa hide. 


D 
find E 


:A+:dMEE&)\ c.ar,s D 
Dis ſumme F( c.ar.s E 


<& is 
ED :A-— diff. E C Swums.s F 


ED 


8 


&D isrem.G _J) Rems.5(; 


OR mes oy er wm = 


oent of the perpendicular - = 
Da Eo: Wl 
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This laſt Table might be propoſed in other terms ; a8 the firſt Caſe | 
we might expreſs thus co. ar. s E+-s AD-+s A, makes ED, cutting 
off an unite or.1/in the fic place towards the leftihand, which ttiing 
being before ſufficiently explained, we ſhalt notChere need* to infit 
thereon, / T5 91.0 053 GMViGtL . + 

Here I intended to. conclude this work : but becauſe the demon- 
ftration of the firſt fundamental Axiom for ſpherical triangles, as it is 
delivered by the Lord of Aderchiſton, is very brief, and by him ap- 
plied to another. kind of Logarithms, ſo that it may {eem odſcure , 1 
have thought 200d here (though ſamething out of place). to illuſtrate 
the ſame, firſt premiſing certain Lewma's ſerving to that purpole. 


LEMMA 1, 


. In a right angled ſpherical triangle. 
'* Uifs the fine of the baſe, is in proportion to Radins : ſo, is 


the tangent of the perpendicular, to the tangent of the angle 


' atthebaſe. 

As.in this Diagram, <3 iT - 
Int ADBreprefentt © * TER x Sb 
ſpherical 'Triangle, right We b EF 


angledatB; ſothat AD 
is the ſme of the hypo- 
thenuſal, 4 B the fine of © - 
the baſe, and DB. is the 
perpendicular, © .. . 


 Thenis D A Bthe an- 

gle at the baſe, and / H © 
the fine,and LA the tan- \. 
cent thereof. Alſo D Figs 
the fine, and K B the tan--- 


” - hy 
gw : Ifa 
4 7 - 
. \ _ % 
a F * - : ? 
g . o 
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* | Ifay then, - <10-<at 
eAs AB the ſine of the baſe, 
6. tn proportion to A 7A Rada: . , 
ſo is BK the tangent of the perpenticular, 
to M1 L tht tangent of the angle at. the baſe, 


LEMMA 2. 


In a right angled ſpherical Triangle, 
As the fine of the hypothenuſal, is in proportion to Radins : 
ſo is the ſine of the perpendicular, to the fine of the angle at 
the baſe. : 
That is, in the foregoing figure, 
eAs A D the ſine of the hypothenuſal, 
75 11 proportion to AT Radio = 
ſou D F the ſine of the perpendicular, 
to 1H the ſine of the angle at the baſe. + 
Theſe two Lemma's might be demonfirated in this Diagram, but 
becaule the ſame in effe& are at large dzmonſirated by Laxsbergine, 
Pitiſcus, Snellis, andothers, we let that pals. 


LEMMA 3. Bn” 
The circular parts of a right angled Triatgle,are the Jame with 
the circular parts of a quadrantal Triangle adjoyning. 


As [et A BD be a triangle right angled 'e 
atB: and let one of the fides thereof, 
namely, A B, be extended, till it bzcome 
a quadrant, that is to C, and draw an arch 
from G to D. Thenis G A D a quadran- 
tal triangle, adjoyning to ths right an- 
gled triangle A B D. I ay therefore -that 
the circular parts of the quadrant] tri. * 
angle C A D, are the ſame with"the cir- 
cular parts*of. the right. anvled criangle 
ABD. for the citcular parts of either of © 
them are, as here appeareth, 


” 
\ F 4 Py df 
_ : i vas 26d abs of! 4 


The fivecic-CAB Dare AB, DBcom. B D A. com, A D.com, A. 
Cular parts 9) 
the triangle.C G AD,are com. AG, AGD. GDA. com. AD. com. A: 
Where it is evident, G B and G D being quadrants F DB is a cight 
angle, and D Bis the meaſure of the angle at G : fo that the ſide 4 B 
in the one isequal to cowpl. A & in the other; and the fide B D in the 
one, equal to the angle ef G D in the other, and compl. BDgM in the 
one is G D Ain the other,and comep!. eA Din the one is the ſame with 
compl, A D inthe other z -and lafily, that cowpl. Ain the one, is the 
ſame with comp!. A in the other, for the complement of the acute 
ante D A B unto a quadrant, is alſo the comp!, of the obtuſe angle 
G AD. LEMMA 4. | 
If froe circles of the Sphere be ſo ordered, that the firſt inter- 
ſet? the ſecond, the ſecond the third, the third the fourth, 
. the fourth the fifth, and the fifth, the firſt, at right angles - 
the right angled triaugles made by therr interſeFions,do all 
confift of the ſame cirenlar parts, 
Asin this Scheme, 

Let G repreſent the ze- 
nith A the north pole and 
D the Sun being in the 

Horizon, - 'So that /G B 
1s an arch of the meridian . 
of the place. 

_ -BDF gwarch of the 
Horizon, | | 
FEC,an arch of the cir- 

cle deſcribed about the ſun 

C AH, an arch of the 
meridian of \the Sun, 

H L 1, anarch of the 
EquinoRial. gs 

' Then dotheſe five ar- ©. 
ches retain the conditions . © |, ' © RS! | 
'Tequired. | : E 1 

The firſt ipterſeRing the ſecond in B; the ſecond, the thicdin F ; 

the third, the fourth in C ; the fourth, the fifthin ZH ; and he fifth, 


the 


The Second Book. 21 
' the firſt in 7, and theſe interſeRionsat B, E, C, H, I, are at right an- 
oles ; therefore I ſay the right angled triangles made by the interſeRi- 
ons of theſe circles, namely, A B D,DHL,LFEEG IlandGCa, 
do all conliſt of the ſame circular parts, for the crtular patts in every 


of them are, as here appeareth. 

The fire - ABD, are AB, B D,com. BD A, com. A D, com. DAB 

circular \.D H L,are com. HLD,com.LD, com. LD H, DH. HL 
ins LEE,arecomE LF, LF, FE, cem, FEL, com. E L 

the Tri- } EI G, are I G, com. IGE, com. GE, . cum. GET, ET 

angle.  GCA, are'com.GA,com.AGC, GC, :C A, com. CAG 

Where you may oblerve, that to the fide A Binthe firſt triangle, is 
equal compl; H L Din the ſecond, or compl. ELF inthe third, or 1 G 
in the fourth,or comp!. A G mm the fifth, In like-fort, to the fide D Bin 
the firlt triangle, is equal cp!. LD in the ſecond, the fide LF 1n the 
third, co-zpl. 1 G E in the fourth,or compl. A G C in the fifth : and the 
like is tobe ſeenin the reſt, taken in ſuch order as they are placed, 

To exprels this more plainly : A B, the Poles elevation in the firft 
triangle, 1s the complement of the angle H L D in the ſecond, or the 
complement of the angle E L F in thethird, or the fide IG in the 
fourth, or the complement of the hypotkenuſal G A inthe fifth ; and 
the like is to be underſtood of the reſt, . | 
The ſame uniformity of the circular parts is alſo apparent in quadran- 

tal triangles. x 

As in the ſame Scheam G from D, D from E, E from A, A from L, 
ard L from G, are diſtant by arches each equal to a quadrant z but the 
arches G A, A D, DL, L EzandEC, are not quadrants. Here are 
therefore five quadrantal triangles G A D,A DL, DLE, LE G,and 
E G A: whole ciccular parts are, as here appeareth, 

"The fe - GAD, are com. AG, AGD, GDA, com, AD,com.D A G 
cixcular \AD L, are A LD,com. LD cem.ADL, com. AD, DAL 
parts insDLE, arecom. D LE, com. LD EDL, DEL;com. L E 
the Tri- JLE G, are GLE, LGE, com. E G, com. LEG,com. LE 
avgle., LE G A,are com, A G, com. EGA, com EG, GEA, GAE 

Where you may ob(erve,that the circular partsin every. of them re- 
main the ſame unchangeable ; and nat only in theſe ten triangles, but 
11 all others which do ariſe of the- ocher interſeRions of theſe ten ar- 
ches drawn forth to-whole circles : which becauſe they are many and 
confuſed, we here let them pals, this being ſufficient for our purpoſe. 


x, Fun- 


OO 22 , '  Trigononenrie; \\\ 
- $42 + x, Fundamental AXIOM. : | 
F of the froe circular parts itt 4 ſpherical Triangle,right angled 
| Cath oo oor OS we 
The ſme of a middle part with Radims3is equal to the tangents 
| of the extreams adjacent, or to the ſines complement of the 
oppofite extreams. + EFT <1, ys 
vV V Hat a middle part, and what the extreams are, whether ad- 
; . Jacent or oppoſite thefeto,we-bave before ſhewed Chap.2 _ 
of Spherical Triangles, . vo. 
Part 1. Now touching 
the firſt part of this Axiom 
in cighe angled triangles : 
the middle part is either 
one of the ſides,or one of 
the oblique angles, or the 
bypothenuſal. 24 4 
Cafe 1. Let the middle 
part be aſide; as in the tri- 
angle ABD, let AB be the 
* middle part, and DB, and 
canpl.A'the extreams ad- 
Jacent; then I ſay,that the 
fine of AB with Radius, is. 
equal. to the tangent, of * _. 
D B, ith: the rangent.of 1 
the complement of DAB. Th; | Ee few top 
.» For (by-the firſt Lemma ) as. the fine of A B, is in proportian 
to.Radius :-ſo is the tangent of, D B,to the tangent of the angle at A ; 
# Pl alſo alternately, as fine AB, to tangent D-5 : fo-Radius to 
W tavgent A 923 a4 4.95 51 : a | . 
; * "But ( by the Corollary 6#-the firſt Theorem of the fourth C hapter 
of Pl4in 'Triavyles Radius is a mean proportional between -thetan- 
vent'of ith arch,and thetarigent of the complement of the ſame arch; 
ſo that a8 Racus, is to tangent A, ſo is tang. cempl. 4, to, Radiivs : 
, therefors a8 5  B,tor D B: ſois rc A ro Radius: therefore (by the 
Corollary; of -3:Prop; Chap, 2;0f Plain Triangles) 5s A B+Radius, 
= equal 40 eD B-+cc A.. 


Caſe 2. 


— 


* 


- 
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. Caſe 2. Let the middle part be an angle, as in the triangle DHL ; 
l:t compl. & L D be the midole part, and H L and compl. L D the 
extreams adjacent, then I ſay, that the fine complement of H Z D, 
with Radius, is equal to the tangent of H L, with the tangent of the 
complement of L D. : 

For (by Lemma 4.) compl. H LD is <qual to A B, and comp, 
LD to DB, and HL to compl. DeA B, and here before we 
have proved, that s ea B-+Rading, is equal to : Þ B-htc A, there- 
fore alſo tc H L D+Radius, is equal tors L Dot HE. , | 
| Caſe 3. Letthe middle part be the Hypothenuſal ; as in the tri- 
angle G C «A, let complement A G be the middle patt, and come 
plement A G C, and complement C A G, the extreams adjacent; 
Then al(o I ſay, 5& A G+ Radius, is equal to tc A G C-+:c (A 'h 

For we have before proved, that 5 4 B+Radius, is equal to : D B 
-+t6 A, but (by. the 4 Lemma) complement A GJ, is equal to A B, 
and compl, A G C.to DB, and compl. CeA G ro .compl. D A B, 
therefore alſo 55 4 G+ Radius, is equal to tc A G C-rrteC AG, 


T herefore in aright angled triangle, the ſine of a middle part with 
Radins, ts equal to the tangents of the extreams adjacent. 
I ſay further, that 


Part 2. The fine of a middle part with Radim : equal to the fines 
complement of the oppoſite extreams, ; 


For here alſo the middle part is either one of the fides, or the hypo- 
thenuſal, or one of the oblique angles. 

Caſe 1. Letthe middle part be a fide, as in the triangle 4 B D let 
D B be the middle part, and compl. A D, and compl. A th: oppoſite 
extreams. Then I ſay, that the fine of B D with Radius, is equal to 
the fine of 4 D with the fine of A. 

For (by Lemma 2.) as s AD to Radius: ſos DB to fine A, 
therefore ( by Corolt. 3. Prop. 2. Chap. of plain triangles) s D B 
--Rading, is equal to 5s A D-+s A. 

Caſe 2, Let the Hypotheniſal be the mid6le part, as in the eciay- 
gle DH L, let compl. L D be the middle part, and D H and H L 
the oppokite extreams, then I ſay, that 5s L D-+Radius, isequal to 5c 
D H+ic HL. 


R For 


_” 


= Trigonometrie, 
” _ Forcompl. LD is equal toD B,and DH is equal tocompl. AD; 
”. -@d HL GBS D A B(by the 4 Lemma) therefore, '&c, - 
=: "Caſe 3. Let one of the oblique angles be the middle part. Ag 
4 in the triangle E IG ler compl..1 G E be the middle part. Then1 
””  Afay, thatse I GE-+Radius, isequaltosGEI-+c EI. For compl, 
AGE is<qual to DB, and GEI isequal to AD, and E Ito compl. 
3 \ Therefore in a right angled triangle, T he fines of 4 widdle part with 
 .  Rading, ts 0qual to the ſines comp!. of the oppoſite extreams. 
And ſeeing (by the third Leama ). the circular parts of a right an- 
oled triangle, are the ſame with the circular parts of the quadrantal 
criangle adjoining ; therefore, that which is here proved touching 
_ riphtangled triangles, is alſo true of quadrantals. Therefore in a ſphe- 
| pical range, right angled, or quadrantal, &c, Which was to be 
ovV<d, 
- " The ſame might alſo have been demonſtrated . - C. 
| in this Dgiagram without the fourth Lemma- be- 
fore going, but becauſe that fourth Lemma is of 
fingulac ipvention, and of it ſelf worthy to be 
| known, I have choſen rather to follow herein the 
invention of the noble Author and Inventer of B 
this Prop. and of that third and fourth Lemma, 
than otherwiſe. | 
AnJ thus have we ſhewed the reſolution of Plain and Spherical 
triangles, by this lare invention of Logarithmss , not excluding the 
wayes formerly uſed by natural (ines, tangents, and ſecants ; but de- 
livering the Rules in ſuch ſort,as they may be applied to either, What 
hath been largely handled by others, I have lightly paſſed over ; other 
things I have more infifted upon, ' In all I have endeavoured ſo much 
' brevity, as might ftand with _ icuity, Now touching the applica- 
tion hereof, I doubt not but he that is exerciſed in the Mathematicks, 
will be able to apply itcivers wayes, eſpecially to thoſe parts wherein 
he is converiant ; yet for their help that are but newly entered,I hope 
& do ſomerhing in that kind hereafter, as it ſhall pleaſe God to vive | 
opportunity. To whom: alone is due all Glory in all things. * 
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CITLETALISCHALEA ISLES FIDSAAIEE 


| AN APPENDIANX. 
Toxching the application of the Do@rine of Triangles in 
- the three principal kinds of Sajling, 


Y intent was here te have annexed a Treatiſe of Navigation, 
and eſpecially of ſuch Points therein as have reference to the 
Dettrine of Plain and Spherical Triangles : Being the rather thereun- 
to induced, becauſe I has my firſt breeding: in Mathematical Studies 
and Praiſes at Sea ; whereby I tand the more indebted,as to that ex- 
cellent Art, ſo ts the worthy Profeſſors and PraQtiſers thereof. But 
wanting time for the accompliſhing of that according.to my defire,by 
reaſon of my neceflary abſence and employment far from home all 
this Summer, I have here, inſtead thereof, (hewed the reſolution of 
certain Problems, touching the three principal kinds ot Sailing. 


Queſtions of Sayling by the plain or ordinary Sea-Chart. 


Although the ground of the ProjeRion of the ordinary Sea-Chart 
being falſe ( 2s ſuppofing the Earth and Sea to be a plain ſuperficies ) 
and 10 the concluſions thence derived muli alſo for the moſt part be 
Erroneous : yer becauſe it is moſt eafie, and much uſed, and the Er- 
rors in ſmall diſtances not ſo evident, we will not wholly negleR ir: 


Queſt. 1. Sailing 100 Leagues npen the fixth Rumb: how much 
ſhall I alter my Parallel pr Latitnde ? | 


-Nite. The angle that any poin&of the Compaſs makes with the 
Meri-1an, we call the Rumb : but .the avgle that it makes with any 
Parallel, we call th: complement of the Rumb. 

_ And foraſmuch as toxvery point of the Compaſs there anſwers 1 1 

deg. 15", therefore the fixth Rumb from the Meridian ( namelye »e, 
16, ww, 07 wo w) Makes anangle therewith of 6 7:deg. 30?, whole 
complement 22 deg, 30) is the angle of the ſame Rumb with every 
Parallel. \ 


Now 
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Problems of Sayling 
Now admit 1 fail from Dto 4. ene = 
x00 leagues ; I'demand the diffzrence of 1 
htitude DR. ” 
By the third Cafe of plain triangles, : ot | 'B 
As Radius, . 
to the diſtance run : AD 100 leagues 2.00000 


ſo fine compl. the Rumb, ,s A 22 deg. -30 m. 9.58284 


to the difference of Latitude, D B 3 82- leagues . 1,582 84 
In like manner you may find the aifference of Latitude for 
any diſtance run upon any other point of the Compaſs. 
| " Saylin 100 leagues # ox the ſixth 7 TY how far ams 1 departed 
from the Meridian f the place from which I came > 


Thatis by the ſame things, as before I demand A B. 


_ By the third Caſe of plain triangles. 
As Radius, . 
to the diſtance run, AD 100 leagues 2.00000 
{0 is the fine of the Rum, &s D67 des. 3om. 9.96562 


to the departure from the Mer. A B 922; leagues 1.96562 * 


3 Sayting voor the ſixth Rumb, till I alter my Iatitnde one degree, 1 
demand how far I have ſailed? * 


As ſailing from Dto A, exe, till the diffzrence of latitude D B 
be 20 leagues ; I demand the diftance run A D. 


Say by the ſecond Cafe of plars triangles, 
As, fine compl. the Rumb, 5s A 22 deg. 3o m. co. 


. Ar. : , 
fois Radius, 42 mmm 
26 the diſtance run;  AD524% leagues \ 1.71819 


| The like queſtion might be movedby the departure from the 
Meridian given. | | 


” | | 4 Sajling 


by the plain Sea Chart: 127 
4 gr. upon the fixth Rumb, till 1 have altered my latitude one de- 


gree : how much ans 1 departed from my firſt Meridian > 
As failing from D to A, exe, till the difference of latitude D B 


be 20 leagues; Idemand A B, my departure from the Meridian. 


By the firſtCaſe of plain triangles. 


As Radius, 

to the difference of latitude : DB 20 leagues 1.30103 
ſo is the tapgent of the Rumb, e D 67deg.3o 10.38278 
to the departure from the Merid. AB 48%; 1.68381 


In like manner by the departure from the Meridian given, 
you might find the difference of latitude, 


' 5 Sayling upon ſome Rumb, between the North and Eaff 525 leagues, 
and finding that 1 have altered my latitude one degree : 1 demand up- 
on what pant I have ſatled? 


ASif Ifail from D to A (being ſome Rumb between the Eaſt and 
North) 525 leagues, and then find the difference of latitude D B,to 
be 20 leagues ; I demand the angle A DB. 


Say by the ſixth Caſe, _ 


As the diſtance run, DA 52; leao. co.ar. $.28191 
is to Radius : mo 

ſo is the difference of latitude, DB 20 leagues ' . -x.30103 
co fine compl. the Rumb, : vs Azz deg. 30m. 9.582 94 


Whoſe complement D 67 deg. 3o m. is the fixth point from the Me- 
ridianz namely, e »e. Here.we negle& ſome part of a minute (as 
in theſe things not to be regarded ) and ſo in other places. 


6 | Sayling wpon ſome' Rumb between the North and the Eaſt 5 2 leap. 
and finding that I have altered #7 latitude one degree, I would know 
m7 departure from my firſt Meridian, | | | 


* By 
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 * By the ſeventh (aſe. © - | 
To the diftance run, add the'diftance of latitude, and alſo ſubfiraR 

it from the ſame, noting the ſura and remainer. Then add together the 
Logatithms of this ſum and remainer, and half the total is the Loga- 
rithm of the diſtance from the firſt meridian. 

Diftance run D A, 523 leagues F Summe 72; leagues. 1.85884. 
Differ.of latit.D B, 2o leagues & Remain 32; leagues, 1.50853 


| 336737 
Departare from the meridian A B, 483; leagues. 1.68368 
The ſame may be otherwiſe found by the ſame Caſe. | 

Andin like ſort might the difference of latitude be fonnd, the depar- 
ture from. the meridian being known. 


7. The diſtance of the meridian of. two places,and the difference of the 
L atitades of the ſame places being given, to find the Ramb' and 
diſtance. : 

As let A repreſent the Lizard in the Weſt-part of Exgland, and 

AB the parallel thereof, and let D repreſent St, Maries /ſland , be= | 

ing one of the Azores, D B the meridian thereof. 

' Thenis AB, the diſtance of the L:1zard 


from the meridian of St, Maries,which let D 
be 272 leagues; and D B th2 diſtance of 

their parallcls, or difference of their lati- p 
tudes.2 haps wry Jo_ the Rumb : PH” 
namely, thz angle at D, and tke aiſtance in - 6 

the Rumb A D. ; A - 


Firſt, for the Rumb, ſay by the forrth Caſe. 
As the difference of latitude, DB 256 leagues, com.ar, 7.59176 
1$ is proportion to Radius : 
ſo is the diſtance of the meri.' A B 272 leagues, 2.43457 


to th2 tangent of the Rumb, :tD 46 deg. 44 m, 10.02633 
Which is the fourth Rumb from the meridian, and 1 deg. 44 m. 


more, which chews the courſe from St. Mares, to the Lizard, to be 
North-eaſt x des. 44 m. calterly : or from the Lizard, to St; aries 
——— Waty x deg. 44 m.weſterly, And thus it ſhould be by the plain 


Secondly, 


| by the plain Sea Chart, | t29 
' Secondly, for the diflance AD X ſay by the ſecond Caſe. 
4 


As the fine of the Rumb, 46 deg. 44 c0,97, 0.13776 
to the diſtance of the Meridians AB 272 leagues, 2.43457 
ſois Radiug, | — 
to the dittance of the places, AD 373; leagues, 2.573 33 


otherwiſe, 
As fine compl. the Rumb, &s A 43d. 16' 60, ar, 0.16406 
to the difference of latitudes: DB 256 leagues, 2.40824 
ſo is Radius, ne” 
to the diſtance of the places, AD 373: leagues, 2.57230 
. And ſuch ſhould be the diſtance by the plain Chart, 

$. Sailing away WSW, 1 ſee a point of Land, which I ſet, and find to 

bear from mew by n;. and having ſailed fix Leagues further, I find 

it bears fromme n Why w : 1 would know how far it us diffant, 

As let E be a point of Land, 
which when the (hip is at A, I D 
ſet and find to bear from me w | 
by », but I hold on my ceurſe 
from A toD ww 18 miles, 
and at D, I ſet the ſame point E 
of Land again, and find it to A. . 
bear from me »w by w ; Idemand the diſtance thereof D E, that is, 
how farit was from me in myNaſt obſervation. | 

Firlt, I confider that between A E the w by #, and AD the ww is 
three points of the Compals, that is, 3 3 deg. 45 m.which is the ansle 
at A: alſo between E A, the e bys, and ED the se bye, are two 
points, thatis, 22 deg. 30 m. 

Therefore by the 8 Caſe of Plain Triangles. 

As fine the angle at the point 


E 22 deg. 30 m. com. ar. 0.41716 


ſeen, 
18 to the diſtance run A D 18 miles, I.25527 
ſo fine the angle at the firſt "ESP 

place of obſervation, 72*** 33 for 45 M- 9-74474 
to the diſtance of the point ſeen E D 26; miles, 1.41717 


W hereby it appears, that the diſtance of the point ſeen from the 
place of your laſt obſervation, is 26 miles, and a fuclong. In like 
mann?r,you may find the diftance thereof from the place of your firſt 
obſervation A. ; on 

Admit 
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Admit therourſe from. the Lizard to St, Maries be 8 W, the. diſtarce 
- 3735 leagues: ' A certain ſhip bound from the Lizard to St. Maries, 
ſleers away s 3 W, and afterwitrds w bys, and ſo ſometimes upon ove 
of theſe points, ſometimes upon the other . till ſhe arrives at. St, Ma. 
ries; now 1 demand bois many leagues ſhe hath ſailed upon one of theſe 
points, and how many upon the other ? : ; : 
Let A bethe Lizard, E St. Maries,and ſeeing 55w being from SW 
two poihts, makes an angle therewith of 22 degr. 3o m. which let be 
A ; alſo wby s makes with 5 an angle of 33 degr. 45 m. which let 
| be E:; alſo s 5 w makes-with w by s an angle of 56 degr. 1 5 m., which 
let be the complement-of D to 1 80degr. 


Therefare by the 8.Caſe, 
As the fine of D 55 degr. 15 M. cv.ar. 0.08015 
to the diſtance given AE 373; leagues. 2.57113 
ſo is the fine of E 33 degr. 45 mM. 9.74474 
by: -. AD 2482 leagues 2.39602 
Which 1s the diſtance run upon the 5 s w peint, 
: Again, | 
As the fine of D 56 degr.15 m, co. ar, ©.08015 
. to the diltancegiven AE 373; leagues * | 2.57113 
{0 1s the fine of ' A 22 Gegr, 30m. 9.58284 
to the way run E D 191%. Zi © 2.3412 


Which is the diſtance run upon the w by s point. 

10. A HMerchant-mas being in the latitude of 4.3 degrees, falls into 
the hands of Pyrats ; whe,amongſt cther things,take away hu Sea- 
compaſs : But when he ts gotten clear, he ſails away as direttly as be 

| tan, and after two dayes meets with a Man of War, who alſo had been 
the day before in the latitude of 4.3 degr. and had ſailed thence 8e by 
S 37 leagues : He deſirous to find theſe Pyrats, the Merchant-man 
tells him,he left them lying to and fro where they took hins, and he had 
ſailed ſince at leaft 64 leagues between the Semth and Weſt-: what 
comrſe ſhall the Man of War ſhape to find theſe Pyrats? _ 
Let AE be the parallel of 43 degr. D the place where the ſhips 
meet, Then there is given A D 64 leagues,E D 37 leacues,and the 
angle DE QA five points, or 56 deer. 15 m. 
T herefore 


by the" plain Sta Chart. 131 
| Therefore by the g Caſe of plain rierght.” | 
As the a run by the Ca ©-Sirg38 
#.; MFAD 54 leagues - 60 ar, ©-0.19362 


Merchant 1,0: 
6s fits the-hnd + : > Þ 56d. 15m. 9. 91985 
So is the diftance run Dy | 1156820 
the Man of War, TED 37 leagues bn Ws 
to line an angle required, sA289d.44m.,. ; 9.68187 


\  Thatis ws 6 9. 1.4 in; ſoutherly, and {o baththe Merchant-man 
ſailed; "therbf6re to return to the ſame place, be. muſt ſhape his courſe 
ene 6d. xx ih. tidrthetly; 


11 There are two Ports lying ne, and s W one of another, ſhip ſails 
from the weſtermoſt f theſe Portse 8 e, 47 leag. another departing 
from the eaftermoſt. Port, ſails 66 leag. and then meets with the for- 
mer; what conrſe rs Pin," fx kepe, and bow far are theſe 
Ports Aſander þ-wooammmne > 
Let the North-eaft Port be A,the South-weſt E,and the alice where 

theſe ſhips meet at D; and foraſmuch as from E to Azthe courſe is »e, 

and from E to D Eaſt South-eaſt : therefore the angle at E is 67 deg. 

30 m. andthe fide E D 47 leagues, and A D-66 leagues, 

2. Therefore by the 9 (aſe of plain triangles. '* 

. And ſeeing from. A to E, the 
AsADG66 leag. co. ar. 8.18046 courſe is South- welt, and from 
to fine E 67 deg. 30 m, 9.965637 AtoD 41 d. 08 rm. more Seu- 
l0ED 47 leag. 1-67240 therly;therefore the courſe from 

” — At Dis $0uth3 Gr. $2. Ms 
tofine Ayr 9. 08 tm. 9.81817 weſterly. __.., 

Secondly, for the diſtance of theſe Ports A E,the anole at A, bein 
41 d. o8 m. and the angle at E 67d, 30 m. thtfum of them both i iS 
, o8d. z8 m. which ſubſtraRted from. 180 d. leaves the angle at D 71 

22 IN, 


Therefore hy. the. _ ” >, of NES imngbns 
As ſme E 67 degr. 30 mins! : £9; "a7. 0.03439  '/ So: that the 
to AD 66 leag. . | 1.81954 diftance between 
ſo fine D 72 d. 22 m. == 9.97662 the.two Ports, 
Ny is 675 ICagues. 


to A E 67,Zleag. rh j — IRTP < 
"4 | ome 


- Problems, of Sagling_ © 

' Some may think it pequiiee that the. latter part "of Yiis Problem 
ſhould have been diſtin Caſe in plain Triangles ; but becauſe the 
ame.things are, hece givenasin the 9-Caſe, and the operation;manifelt 
' by-the-$ and 9,1 thought it not neceſſaty to make another. Caſe. of: it, 


12 Caaſting a'ong towards the Evening] bave ſight of aC ape or Head- 
land;beyoud which 1 defire to ſteer in the next Mormmng ; it bears from 
me $Se, and # diſtant by eſtimation 11 leagues ; but 1 Seer apvay 

 Soxth;rill two of the Clock'in the Morning, about Ltleagues; and 
then wonld'kriow how the Cape bears from me,and bow far it is off ? 


A$admit at A, I obſerve the Id. .. 
Cape D tobear frommes el 
es; but 1 teer away South, -/ 
to:E1 2 leagues: I have then AD. © -- ; 
I1 leagues, A E 12 leagues, the A EL a _ 


angle-at A'22 degr. 30 m. 7190"! 51 
Firſt then for the angle at E by the 10 Caſe. 


As A E+AD-23 leagnes compl. ar, 8.63828 
to A E+-ADor lexgue; ME ata 5 
ſor: (E+D) 4278 degr. 45 m.. ' . 'T6.70134 
" totang. an anvle F 12 degr, 20 m. 9:33962 
Which ſnbſirated, E = fo a 963 3 
there remains pg 


In working this Example, becauſe the angle given A is 22 degr. 30' 
therefore the other two E and D are 157 d.zo m, ( by the 1 Lemma 
of the 3 Chapter of Plain Triangles) the half. whereof is'/78 d.gs', 
whereby we find anavgle at F,1 2 d.zo-m. which ſubſiraQed from 78 
d, 45 m.there remains the angle at E 66d. 25 m. Wherefore ſeeing 
E Ais a North line,E Dis almoſte » e,namely,ene 1 4. 5" northerly. 

Secondly, for the diſtance of the (ape E.D by the $ Caſe. 
As fine the angle found, AE 660: 25 Mm, co. ar, 0.03 788 
to the dift.ih the evening: AD«z1 leagues, ' 1.04139 


So the fine of the ang.given, s A 22 degr. 30 9.58284 
to the di.in the mornine ED 4:8 leagues, 0.662 II 


That is above 4 leagues and an half diſtance. 
13 Admit 


by the' plain SeaChart. T33 

13 Admit I ſail away from a certain Port $8 W 50 leagues,and thenc* 

again W by $ 30 leagues; mpon what print have 1 neade my wa) 
good, and hew far ams I come frem thet Port? - 

Avadmit I ſatl from A to'D 5 5 w 500 leagues, and fromD toEw 
by 230 leagues, there is required the courſe A,or E,and Gitiance AE. 
Fromthe 5 5 w tothe w by 5,are five points, thatis 56 d.1 5 m.which is 
the complement of the angle at D, to x 8o degr. So that the angle ar 
Dis 123d. 45 m. Wherefore here are given the two fides A D: and 
ED, and their contained angle at D; Therefore , 


As AD+ED 80oleaznes. . C0. 47. 8.09691 
to AD—-ED20leagues'. 1.30103 
ſor:(A+E):284. o$'; 9.72810 
to rF o7d.37m, . 9.12604 
Which ſubRraRted 


there renting FA 20 degr. 31M. 

Wherefore ſecing the courſe from A to D is -5 5; the courſe from 
AtoEis2089. 31 m, more/'Wefterly, that is + w 2 degr. ſoutherly ; (0 
that I have made my way 200d 5 w 2 degr. ſoutherly. | 

Secondly; for the diftance upon that point. 
As fine the angle found, 5 A320 degr,z1 M, co.dr. 04455 34 


to his p quam be given: ED 30 leagues 1.47712 
ſo fine the angle given, s D 56 degr. 15 m. 9.91985 
t0 his oppoſite fide requir. AE 71; leagues 1.85231 


 Whichis the diſtance from that Port. 

14 There are two Ports i» one andthe ſame parallel or latitude , di- 
| fant 64lragues; and there is acertain Iſland more ſomthirly diſtant 
. fromthe Eaftermoſt of thiſe Ports 47 lraguts, ind froms the Weſter - 

weſt of thems 34 leagues : 1 demand the conrſe from the Eaftermoſt 

Port to that Iſland? | | 

Let the Eaſtermoſt Port: be A, the 
Weltermoſt E, both in- one” and the 
lame parallel A-E, diſtant 54 -leas. 
. andlet the Iſland be D, Giflant from 
A 47 leay. and from E 34 leag.there: EESOS: 
1s required the courſe from A to D, A X B E 
that is the angle at A, or the comple- 
ment thereof. S 2 By 


*” x 
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; | 4 ; + 4 ---g A . ky | di [2 
Cnc ie 24s Byobhe 1.2 Caſe of plain triangles. ' 


As the diſtance of the Ports A E 64 leag.  - £0.47, 8.19382 


rothe ſui of, AD and ED Br.leag. .. 1.90848 
ſc is the differenc&of "A D. and 'E D' 13 leag.. ; 4.5. 0 TT3Gs 
t02/ certain line -** ''2 + | "So 
which addedxo/AF'is IT "on... q 
the half whereof .is "ads ws. OY LIROU 

I\ Then by the fixth Caſe of plain triapgles, ; 
ASAD 47 leag- coppl.anth, ' | -'-! $.32790 
16 Radits ” : | TY 
So A B40,55 IVES» I.60452. 


tos A,s58d.51 m. oP | £01/814:2:9:0:3 2.42 
-: Thar is South-welt and by Weſt 2 d. 36 m. weſterly; which is' the 
courſe-from the.EaRermolt port off the/Tland. om : - Þ © 


15 A ſhip ſails from one_Port ta a ſecond $8 E.76 leag.and from thence 
to athird 5.4 leag.and from that third to the firſt 85 leag 4 demand 
ro courſe from the ſecond Port tothe third,and fromthe third toth: 

. : Fi 244) ? 3 4i:1 V 

This and the like are to be wrought as the former, which therefore 

yve leave to your own praftice. LHOEELS | 1p 
Some ( asT have underſtsod )) who'dolittle' 6f themſelves , but 

Carp at others, and yet dorrow of them, blame me for-ſettins down'ſo 

many Problenis ; but he.that knews how to. number atichr.the queſti- 

ons that might-be moved, knows thit I leave untouched 2 far Steater 
number of the ſame kind than thoſe I handle, for I defire toro b&'re- 
dious at any time. Yet he thatlearns no more than needs muſt , will 
never be able to learnall that ; for we do not fully underſtand a thipg 
till we have throughly view'd it on every fide, Therefore-notwith- 

Randing ſach captious perſons, as take offence: without jut'Gauſe : 1 

ſhall for their ſakes, who well accepted my former labours,add in this 

place five Problems more (not. handled by any other that 1 know ) 
which being well underftood and confidered, may be as an introduRiion 
wo many. | 


by the plain Sea Chart, r:5 


* Firſt, then itis to be underſtood, that aſhip ſailing to windward, 
will (as I remember ) uſually lie witnio 53 points of the wind ( if 
it be. ſomething more or leſs, it matters not) yet by reaſon of her Lee- 
ward way, (he will ſcarce make her way good within 6; points of the 
wind, fometimes more, ſometimes leſs,accordiog as the Sea is rougher, 
or. \moother,-and .according 'to the mould *of the ſhip, and ſail (he 
bears : So that in ſailing to a place direAly to windward, the ſails uſu- 
ally three or four times the diftance of that place before the arrive ar 
it. But if the place to which ſhe ſails be not diretly to windward, 
but within a point, two,three, four, five or Gx points of the wind, then 
thotigh ſhe turn to windward, as bzfore, yet (he will. ſooner arrive at 
the place than before : but how, and in what proportion, for the one, 
and for the other, may appear by theſe enluing Problems. As, 


16 Let the poſition from eA to B (inthis next figure) be South 100 
miles,and the wind at Sonth,and admit the ſhip intending to ſail from 
A to B, make ber way good within 75 d. 31 m. of the wind (which 

. 3 almnft 6: = of the Compaſs) 1 demand how far ſhe muſt ſail 


upon ont tack., and how far upon the other, before ſhe arrrve at B? 


Then A C bein? the ſhips way,ſo near the wind as ſhe can make her 
way good, the angle B A C'is 75 d; 31 m. whereto is equal the angle 
ABC (for eA CandBC crois the ſouth line.4 B alike, or at equal 
angles ) the ſum of theſe two apgles at A and B is 1514, 02', which 
ſabltraRed from 1 80 d,leaves the angle at C 28 d. 58 m. and thus we 
have the angles of the triangle A BC, and thz fide 4B 100 miles : 
Say then, 


As fine the angle C28d. 58m; _. '- compl. arith, _ 3143$' 
tothe fide A B 100 miles 1 M1 2.00000 
ſo s the angle A 75, 32 9.98597 
to the fide B C 200 miles fere - x 2.30kbp 


Whereto is equal the id? 4 C (becauſe the angles at A and Bare 
equal ) therefore I ſay, ſhe muſt ſail with her Larboord tack: ahoord 
200 les (whether at one of many boords ) and as much with her 

Stars 


4... "Mn .Problear” of Saqling Y CHI 

= Sears ord tack aboord, in all 460 miles to cole i Dy Delng troM A 
$, | nl (ali hr Ate Bl f one 
whdord;;axd 15,0 with the Stat-boord 
to the wind ſhe makes ber way good? 


or 
t5owuh 
rack. 


 Letfalifrom om Ca perpend rpendicular 
the ſide Bantotwoequal parts;lo 4} -....- LURES LEI + 

that: AD and : DB are each Fo D 23 '$- 
miles, and AC-and BCeach r50 | LI 
miles ;_ therefore in the-right an- al es v3 
eled triangle A C D, Say, 


As the fideAC 150 compl, arith. 7:83391 
to Radius: . | os | 

fo the fide AD 5o- | | | 169897 
tos theavgle DC A 19 degr. 38 tn. 9.52288 


Whoſe compl. 72 degr. 32 m. is the avgle D A C, ſhewing that 
ſhe makes her way good within 70 degr. 32 m. of the wind. 


18 Lerthe difance from A to E, in this next Diagram, be 100 miles 
Senth- weſt, the wind at South; and let the ſhip make her way good 
within 70 degr. 32 ms. of the wind: I demand the diſtances A C 
and.C E, that is the ſhips way by dead reckoning upon the one tack, 
and npon the other. | 


Then A B being a South line ( or 
point npon which the wind is)the an-  B 
gleBA Cis70d.32 m. from which 
ſubſtrating B A E 4 points, or 45 d. 
there remains the angle EAC 254. 
32 m. | Again, the complement of > 
70d. 32 m. is19d. 28m. which - 
doubledis 38d.'56 m. the angle at 
C, andadding theſe two, namely 2 5: A 
. d. 32 m. 20d 38d. 56 m. the Sum 


is 64.6; 2.8 m. the outward angle 4t E. Thus have we the angles of 
the. gianglo/A E C, and the kde AE 100 miles. Say then, 


As5C 38 d,56' co.ar, 0.20175 


gat 26 30 = al 
AzsC38d. 56' co. ar, 0-20175 

to A E 100 miles 2.00000 | to A E 100 miles 2.00000 
ſosE 64d. 28' 9-95537 josEACagd. 32' 9.63451 
twAC1437- 2:15712 to EC 68%; 1.83626 


Thus itappeary, that to (ail from A to E, which is Southweſt 100 
miles with the wind at South, and making her way good within -o d. 
32 mM. of the wind, ſhe muſt (ail with her Larboord tack aboord near 
1 435. miles, and with her Starboord tack aboord near 68£ miles: In 
all 212 3; miles, that is near w5w @ quarter- point Weſterly 14 37. 


I 


miles, ande se a quarter of a point eaſterly 685- miles, * - 

Ig Let the diſtance from A to E be 100 miles Semthweſt, the wind at 
Soxth ; 4 ſhip ſails from At» C, ſa near the wind as ſhe can by 
1435. miles, and from C to E 68%, miles : I demand how near the 
wind ſhe makes her way good.? 


Here froftr A-C; 143, 6 
ſubſtra& E C_/.68.6 
there reſts E B- 75 miles 


; Then ſay, \ 
As the fide-. EB 75 miles - compl, ar. 8.1249 
: 0:5 the"angle BAE' 45 d. oo me. EY 9.84948 
ſais the fide © AE 100 miles © *- 2.00000 
to sthe angleat B 70d. 32m. _ + | 9.97442 


Wheteto is equal the'angle B A C, whence I conclude,that ſhe makes 

her way 906d withitt 70 degrees, 32 minutes of the wind ; fo that 

the wind being at South, ſhe makes her way.goodupon-the one tack. 

| _ -” w; point weſtefly,, and upon the other es 5 point 
catterly. | 


I have about 2.2 years paſt; in'imy Book entituled, The Sea-man's 
Prattice, ſhewed- (firſt thinkeof any man,though ſome have touched 


upon it fince ) the-reſolution of about a dozen queſtions touching 
Currents, 


239 Problems of Sayling 

Currents, | have added only this one in this place , leaving -the reſt 

( whichare. many ) that mught be moved (touching a ſhip ſaling ink 

Current, cr out of a Current, by a wind or large ) to-our ingenious 

youngmen at Sea, for their exerciſe at their {eifure ; hwing elſewhere 

ovencd curſorily the method for framing ſuch Queltions or Problems, 
in SubjeRts Mathematical, or otherwiſe. 

Let the diſtance from A to E be (as before) 100 miles Southweſt, the 
win at South,and a Current under the Lee-bow ſetting almoſt ese, 
nam:ly,South eaſterly 70 d. 32 m. And admit a ſhip which will make 
her way good within 70 d. 32 m of the wind, ſails cloſe by the wind 

rom A towards C three dayes, aud then arrives at E : 1 demand how 
far ſhe ſails by dead reckgning, and how faſt that Current ſets ? 
Here then the angle B A C is 70 

d. 32 m. from which tubſirating B 

B AE 4 points, or 45 d, there re- »**+. 

mains the anvle E AC 25d. 32m, : 

And ſeeing the Current ſets accor- 

ding to the line C E B.Ea(t South-ealt 

eaſterly, namely, South eaſterly 70 d. 

32 m. therefore the angle at B, 1s 

alſo 50d. 32m. to which adding ,* 

B A (', theſumis 141 deg. 04 m, 

which taken from two right angles, or 1 80 d. leaves the avele A('B 

oreA(E38d.56 m. to which addirg E AC 25 d, 32 m.the ſum 

1s the outward angle B E A 64 d. 28 m. And thus we have the three 

angles of the triangle A E C, and the fide A E 100 miles, whereby 

we may find A C the diſtance cun by dead reckoning, and C E the drift 

cf the Current, in manner following. 

Ass ACE 38d.56'co ar. 20175| A8s ACE 38d.56'e,ar. 20175 

to the fide AE 100 mil. 2,00000 | to the fide AE 100 mil. 2.00000 

ſos BEA 64 d. 28 9:95537|fos EAC 25, 32 9.63451 

nei LIB 1 + | mnpenny 

to the fide AC 1435; 2.15712 | tothe fide C E 685. 1.83626 

Which 145; is the diſtance run] Which 685; miles;is the-drift of 


by dead reckonine, the Current in 3 days, which is 


Again, | | almoR a mile an hour, namely, 
| . :33:0f a mile, or 95 cente.mes 
* of a mile hourly. 


of 


c by -Mercator's Chart. £39 
| _ "Of *Sajling by Mercator's Chart. | 

And thus much of the platn Chare,whichas n hath this 'commo- 
dity that it.is molt ealic: {0-it hath ſome diſcommodities intellera- 
ble, For there be very, tew-places that can therein de: exprefied ace 
cording to- their true ftuation and diſtance one-from / another. 
Which as it is a great impediment in- the practice of -Navigation, ſo 
it hath cauſed much confuſion in the Geographical and 'Hydrographi- 
cal deicriptions of places, inſomuch as there areſcaree extant any de» 
ſcriptons of the World, or the parts thereof, that are not peſtered 
with notorious Errors, the greateſt part of them hence' arihng. It 
is indeed ancient, and till tke Sea-Compaſs was known , it was the 
apteft Chart that Tould be uſed, becauſe tilt then Men were Coaſters, 
and for the moli part returned back the ſame. way-'they went forth. 
And it may till ſerve without any great Error; in ſuch places- as are 
near the EquinoRial, alio in many other: places for ſhort Veyages, 
andeven fer long Voyages , provided thag-a Man be ſure to return 
the (ame way that Wu or-near the fame. Otherwiſe if he truſt 


to the plain Charlie will be moſt groſſely deceived-many times in 
his courſe a point oFTWo of the Compaſz,--and in- his diſtance many 
hundred Miles. But in this Sea-Chart called Mercator's, all or any 
parts of the World may beſet down, accerding, to their Longitudes, 
Latitudes, Courſes, and Diſtances, as truly and far more conveniently 
for the Mariners uſe, than upon the Globe it ſelf. :'/So-that-it will tru- 
ly ſhew the dice&ion and diſtance from place to place, which way'ſo- 
ever a Man goes or returns, *- 5 1. nn, 
- Some Men will ſay,that in divers reckonines by Xereator's Chart, . 
they bave -foudd as lictle certainty as by:the plain Chart :' which A de- 
ny not; but: the reaſon is,becau(e. there are few of ns Charts made Ci- 
rectly according to this projeRion. - It will be ſaid; yes, there are'ma- 
ny, and that a Man may have of them whenſoever , he ,will beipe:k 
them. I'grant, a Man may have thoſe which are ſo called ; but that 
which is ſuch indeed, mult not only have the Meridians, Parallels , 
2nd Rumbs drawn according to this projection ; but the Sea- coalts 
muſt be inſerted by the like art and means as they have formerly 
been inſerted imto the common Sea-chart ; otherwiſe, he that ſhall . 
transfer places out of the common Sea-Chart into Merc ator's, without 
ve knowledge and reſpeR upon what occaſion , or for what reaſon 
they were ſo placed in the common Sea-Chart, he ſhall transfer the 
{ED Errors 


wo Probleaes of Sayling  _ 

Errors of the one.ints the other , and that ſometimes with increaſe, 
Wherefore it requires more than an ordinary. judgment, to draw & 
plot direRly according to this projeftion., for any place or places 
and he muſt further know, or be made acquainted wittrthe reckons 
ings of Mariners frequenting_tho(e places; and that truly whether 
with allowarice, or withour and whether agreeing, or dilagreeine 
with their plots; and ſo comparing one thing with another, an 
weighing 'a}{ in the ballance of a good judgment, he (hall be able 
to do it, The ground of the projection of this kind of Charts was point- 
ed "mP Prolomy.,. many hundred years fince , and according to: that 
ground; ! Mereater didof late years ſer forth an univerſal Map of 
the World , wheteupow theſe have been called Arrcator's Charts, 
Bat the way how to deſcribe them,was firſt taught by that learned Na- 
vigator of 'our times, M.Ed.r:ght, in his Book of the Correti:ons of 
Errors in Navigation. From whence alſo the grounds and reaſons 
of theſe enſuing Problems are to be taken: and if we would be as 
grateful to our! own Countreymen, as to Stra I ſee not, but we 
may aſcride:as much to him 1n this, as to any Man, Now that 
which he:kath ſkewed to perform by the Chart TIT ſelf, we will here 
ſhew to work by the dorine of plain Triangles, ufing the kelp of his 
Table of- Latitudes ;- of 'which, as M. Gu#ter's Table for the divifion 
of the Meridian Line, ig'an abtidgment ; conſiſting of the quotients 
of every ſixth namber, divided by 6, and two figures cut off : ſo this 
which I here exhibit, and call a Table of Meridional parts, is alſo an 
abridgment of that Table of M. #r:ghts : namely, every fixth num 
ber, cutting off 4 figures. So that this Table ſheweth how many 
parts every degree,and every tenth part of a-deoree of Latitude in this 
Chart, is from the EquinoRtal : namely, of ſuch parts asa degree of 
the EquinoQial contains 60 ; he that deſires a larger Table, may uſe 
M, Wrights extant in his Book before mentioned, 


© A Table of Maridional/parts. 
Lat: |3+.|Lat. [ader.|] Lat. | 1or.| Lat. | Mey, Lat. at ys Mer: 
d. m, parts.jd. Mm. parts.'d. m ſparts. 'd. m: perrs,d:_m m4p« oh ts. 
es) -00 Sf I Bo! Go: "3611 g 20 _542 taps! 2x5 725i 00] g91c 

os is "548 6 
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SS 46- pr | Problems of Sayling | | 
The uſe of this Table ſhall partly appear in the Problems follow. 
: Ing, and may firſt be illuſtrated thus, 


.| Probl y, Toft pts Ta wher Mota pts rected 


- 


Sel Wot -. b 
A - 4, - » , 


- in any difference of Latirude. | 
Take the Meridional parts anſwering to each Latitude, ſubſtrart the 
leſſer from the greater ; ths remainer is the nurhber of Meridional 
Parts, contained inthe ny nega Latitude propoſed. 
Aslet the one Latitude be 50 deg. oo' 3475 k 


—, 


þ. 
» v f 
- 


| '- The Mecid. parts contained in the; ; 
i difference of Latitude c 1417 Difference. _ 


Probl. 2. The Latitudes and Difference of Longitude of two places 
given : to find the Rumb and Diſtance. 


To the intent the application may be the more evident, we will 
vive examples of two places expreſſed in the Chart. | 
As admit the Latitude of the Lizard to be 50 deg.oo',the Latitude 
of Summers Iſlands, ſometimes called the Fermmwdas, 32 deg.2 5 ,and 
"the difference of Longitude to be 70 deg. 0o'; the Summers / lands. 
being ſo much to the Weſtward of the Lizard: 1 d'emand the courſe: 
and the diſtance from the one to the other ? | 
: As in this right angled triangle ADB, 
| | TD let A repreſent the Lizard, and AB the 
? fy parallel thereof, D Summers 1ſlands,and 
F I IN 5 ' - DB the Meridian thereof. 
_ MINN”. | Then is there given DB the difference 
+ 0 OOO B of Latitude 17 deg.35', and AB, the 
| EINE difference of Lorgitude 70 deg. oo'; 
whereby the anles and hypothenuſal ſhould be found , by the 4 and 2 
b .- Caſes of plain triangles.But becauſe in this kind of projeRion;the de- 
+ _. . gteeSof Longitude and Latitude are. not equal (except in places near 
— the EquinoQRial) the degrees of Latttude at every. parallel exceeding 
., . the degrees of | Longitude, in ſuch proportion as the EquinoQial ex- 
| ceeds that, parallel : therefore theſe differences. of Longitude and 
- Latitude mult faclt be expreſſed by ſome one common meaſure. And 
for that purpoſe ſetves the foregoing Table , which ſheweth how ma- 


Dy 


by Mercator's Chart. 147 
ny equal parts are fromthe EquinoRial to every degree of Latitude ; 
namely, of ſuch equal parts as a d:gree of Longitude contains 60. 

Wherefore multiplying 70d. os m. the difference of Longitude, 
by 60, Ihave 4200. for the meridional parts contained in the dif- 
ference of Longitude; alſo ( bf the laſt Problem ) I find the meri- 
dional parts contained inthe di e of Latitude' to be 1417; (0 
that DB is 1417 parts, and A B 4200 ſuchpatts. 

7 BL by the 4 Caſe of Plain Triangles. 

As the differ.of Latitude in parts, DB 1417 parts.co.ar. 684863 
i$ in proportion to Radius : ©/ oe. 11 
So is the differ.of Longit.in parts, AB 4200 parts. 3.62325 


to the tangent of the Rumb, - t D7rd.21m. 10447188 
- Which ſheweth the courſe from the Summers Iſlands to the Lizard 
tobeene3d.51 m: eaſterly; or from the Lizard to the Summers 
Iſlands, wm sw 3 d. 51 m. welterly. oP 4 4c a 
Secondly, for the diſtance in the Rumb. 
Reduce the difference of Latitude into-Mites(multiplying the de- 


orees by 60, and to the Produ&/adding the minutes.) 
| T hen bythe 2 Caſe of Plain Triangles, 

As fine complement the Rumb, s ef 19 d. 39'coar. 0.49514 
to the difference of Latitude : '.'D B& 1055 Miles 3-02325 
So is Radius DEE © PIE ID 
to the diſtance  eAD 3299 Miles © 3.51839 

Which is almoſt 1 100 Leagues, and this is the diſtance meaſured in 
. theRumb; there is a nearer Cut between theſe two places, whereof 
we ſhall ſpeak hereafcer in Great Circle ſailing $ but here,whenſoever 
we ſpeak of the diſtance of two places, we mean theic diſtance mea- 
| ſured in their Rumb. | 


Probl, 3. The Latitndes of two places, and their diſtance givengto find 
the Rymb, and difference of Crogiade FT 
Admit [ ſail from the Lizard, being in the Latitude of 5o degrees, 

upon ſome point to th: Weltward, 32.59 Miles; and then find my 

ſelf inthe Lititude, of 32 d. 25 m. I would know upon what point I 

have made my way g00d,a:1C how much I have altered my Longitude? 
The difference of Latitude DB is 17d. 35 mwhich reduced in- 

to Miles, is 1055 Miles. 


V As 


3-02325 

+ 9.50486 

ProM. 4- - di Rumb, and latitnde of tee. places given: to find 
p : 


The diftance is found, 25 inthe latter part of the ſecond Problem, 
thus. The difference of latitude converted into miles, is 107 5-miles. 


Say then, | 
' As line compl. the Rumb, s A 18d, 39' c1.4a7. 0.49514 
to the difference of latitude, DB 1055 mules 3.02 325 
So 1$ Radius AGES 
to the diſtance. AD 3299 miles 3-51839 


And fo muchis the diftance : the difference of longitude may be 
found, as in the latter part of the third Problem, faying, 
_. As Radu, to the difference of latitude in-meridional-parts : 
. fois the tangent of the Rumb, to the difference of longitude in 
minutes. 


Probl, 5, By the difference of longitude, Rumb, and one latitude : to 

TH - findtbe other latitude, and the diſtance.* 

2 Admit] fail from the Lizard , beingin the latitude of 5o deg. 
wsw 3 deg. 5x min. weſterly, till 1 have altered my longitude 70 

Fenty F deg 
A * 4 0 


- 
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deg. how much have I laid the Pole, and how far am 1 from the Ls- 
zard ? : 

Reduce the difference of longitude into minutes, by 6o, and (o ic 
' makes 4200 ; then (ay, 
As the tangent of the Rumb, t D7rd.z 1 c0.47, 9.52829 
to the differ. of longitude in parts: A B 4200 parts 3.62325 
«So is Radius, * — 
te the differ; of latitude in parts. D B 1417 3.-I5154 
' Now the meridional parts anſwering the latitude of 50 deg. oo m. 
are. 347 5, from which (ublicaRting 1417 here found , there remains 
2058, againſt which 1 find in the firſt Columw- of the Table 32 deg. 
25 min. which isthe latitude required of that other place to which 1 
am come ; ſo that the difference of latitude is 17 d. 35 min. 

Secoudly, for the diſtance. 

. Having already the Rumb, and difference of latitude, it may be 
found, as inhe ſecond and fourth Problems, ſaying, 
As (me compl. the Rumb, . s A 18d. 39' co, ar. 0.49514 


to the difference of latitude, DB 1055 miles 3-03325 
So is Radius, » ; wes 
to the diſtance AD 3299 miles 3-51839 


. Probl. 6. By the Rumsb, the diſtance, and one latitude given: to find 
the other latitude, aud the difference of longitude. 
Admit I fail wsw 3d. 51 weſterly, . 
3299 miles,and then find my ſelf in the 
latitude of 32d. 25 m. 1demand the 
latitude of the place from which I came, 


and the difference of longitude between 


that and this ? A. B 
Firſt, for the difference of latitude, 
As Radius, t 
to the diſtance run: AD 3299 miles 3.51838 
So ſine compl. the Rumb, s A 18d, 39' 9.50456 
to. the differ. of latitude, D B. 1055 miles 3.02 324 


Which 1055 miles converted into degrees, is 17 deg. 35 the dif-- 
ference of latitude required : which added to 32 dev. 2 5', makes 50 
deg. oo' the latitude of the firſt place. + ; 
The difference of longitude is found as before in the third Problem, 
aying, | 

: V2 As 


'I50. Problem s of Sayling 
. As Radius, to the difference of Latitude in meridional parts : | 
So is the tangent of the Rumb, to the differ. of Longit. in minutes. 
. + And thus the difference of Longitude will be found as in this Ex. 
ample to be 70 dzs. oof. ICT! bhp | 
IF at any time 'you defire to! convettthis difference of Longitude 
found inany parallel into Miles, you tay do it after this Example. 
7 Admit there be two places,both in the parallel'of 5o deg.which 
' differ in Longirude 90 deg. 00: : 1 demand the diſtance of thele 
two places ? Jt 04:9 Ee 
" Firſt; itisto be underſtoed, that the minutes of Longitade in any 
parallel, are in proportion to the: diſtance in Miles, as the Xquino- 
Rizhis to thatparallel ; or as the Semidiameter of the one, is to the 
Semidiameter of the other. That is, Wat 
As Radius is in proportion, - + ao | 
_ tofine compl. the Latitude z + - 5c 5'© deg. oo, 9.80807 
So is the difference of Longitude, 4200'minutes, + 3.62325 
to the diſtance in that parallel, ' 2700 miles, 3.43132 


Problems of Sajling by 4 great Cirele. 


Cece ſuperficies ofthe Earth and Sea is ſpherical,therefore the 
the moſt abſolute way of Saylivg is by the arch of z'great Circle, 
drawn, or conceived to be drawn on the ſpherical ſurface of the Sea 
from place to place ; and other ways are ſo much the better, by how 
much the nearerthey approach thereto,or may be thereunto reduced; 
and for this cauſe,the-Sayling according to Mercator's Chart, is to be 
preferred before the Sailing according to the common Sea-Chart, be- 
11g more reducible to the ſpherical ſuperficies of the Earth and Sea. 
Neither have I at any time ſaid otherwiſe ,. whatſoever ſome in Print 
would make me {ay-without any affent or knowledge of mine. It will 
be {aid,that there 1s ſome more difficulty in Sayling according to Mer. 
eator's Chart, than by the common Sea-Chart ; and' ſomewhat more 
difficult Sayling by the arch of a great Circle, than by either of them : 
| No doubt, Gnce the fall of Man, there are thorns and bryars, or dif- 
ficuſties encountring our beft endeavors: But truth and exacneſs, 
- though.joined with ſome difficulty , istobe preferred before Error, 
- though never ſo eakie; always endeavonuring to make the way of 
F 1 : EVE : truth 


\ 


by a great Circle. rr 
truth as ealie as We can. Therefore we come now briefly, to ſhew the 
way of Sailing by the arch of a great Circle, by help of the Deftrine 
of Spherical Triangles,foraſmuch as there is no way diſcovered to the 
World more abſolute. ; | | 
To the former Problems of Sayling, whether by the plain Chart, or 
that called Mercators, we have uſed Meridians, Parallels,and Rumbs, 
as the fides of every Triangle. ' But here we uſe not the Rumbs ſo,be- 
cauſe they are not Circles, but heliſpherical lines ; nor the Parallels, 
becauſe they are not great Circles : whereas the fides of every ſphe- 
rical Triangle, muſt be arches of great Circles: But here we ule arches 
of the Meridians, and of the EquineRial,and of other great Circles 
drawn, or imagined to be drawn from one place to another, upon the 
ſpherical ſuperficies of the Earth and Sea. Firſt, therefore, 
If twoplaces lie nnder the /£quinoitial, their poſition is Eaſt and 
Welt, and the degrees of their difference of Longitudes converted 
into Leagues or Miles. is their dittance in Leagues or Miles. 

If two places be in the ſame Meridian, their poſition is Norta and 
South, and the degrees of their difference of Latitude, converted in- 
to Leagues or Miles, is their diſtance. 

And thus far doth this kind of Sayling agree with the two former ; 
the difference between this and them,may appeac in theProblems ſol- 
towing. 


Probl. 1. Two places being propoſed, the one nnder the /&,qmnoTtial,the 
other i; any Latitude given : and the difference of the | on- 


girude of the ſame p/aces being alſo known: to find, 


1. Their neareſt diſtance in 4 preat | (irele : 
2. The dire(t poſition of the firſt place from the ſecond - 
3. Andof the ſecond place from the firſt. - 


The angle that the Rumb leading from one place to another, makes 
with the Meridians, is ſometimes called the poſition of thoſe places : 
But becauſe the arch of a great Circle, drawn between two places, is 
the moſt dire& way , and nearelt diſtance frem.one place to the 
other : therefore the angles which that arch makes with the Meridians 
of thoſe places we here catl the angles of the diref# poſition of thoſ 
places one from another. 


Problems of. Sayling 

= in this Diagram, let D repreſent 
thar part of the entrance of the River of B n 
Amazones,which lieth- under theEquino- _ 
Rial line; DB an arch of the Equins- 
Rial ; and let A repreſent the Lizard , 
lying in the latitude of 50 d. 00 M. n07- 
therly,and A B the meridian thereof; and A 
admit their difference of longitude D B 
to be 5x deg, ooM, _ , C 

Then in this triangle A D B, right angled at B, there is required 
A D,the neareſt diltance of theſe places in the arch of a great Circle, 
+ the angle BAD, which is the angle of the direct poſition of the Am. 
zones from the Lizard, and'the angle BDA, being the 'complement 
of the angle of the dire& poſition of the Lizard from the Amazoves. 


1 For the neareſt diſtance A D. Seeing there are given the ſides 
AB and DB: therefore by the firſt fundamental Axiom of ſpherical 
triangles, | 

s A D +* Rad, = 1c AB+56DB, thereforess A B+5c DB 
— Rad. = 5c A D, and ſoit falls into the 10 Caſe, thus. 

The difference of longtwdeis DB 519d. oo' rs DB 9.79887 

The difference of latitude is AB 50 ' ©© 56 A3 9.80807 


The diftance us AD 66 08 5c A D 9.60694 
| Which 66d, 08' converted into leagtles, is 1322; leagues, which 
1s the neareMt diftance between theſe two places. 

2 For the direct poſition from the Lizard to the «Amazones,name- 
ly , the angle B A D by the ſame things given. 

5s eA B+ Rad. —=t DB+tcBAD, therefore 5s A B+Rad.— 
tDB—tcBAD,thatis s A B+itc DB==tcBAD, abating 
Radius, and thug it falls into the 11 Caſe, andis wrought thus, | 

The difference of latitude is AB god, 0o's AB g.88425 

The difference of longitude 5s DB 51 oo tc DB g.g9835 


The angle of poſition ts BAD 58 11 tc eA 9.79262 

3 For the direlt poſition from the Amazones towards the Lizard, 
namely, the complement of the angle B D A. 

s$DB + Rad. = t 4A B+tcD, therefore s D B+-Rad.— t A B 

= tc D, therefore s D B-tc A B=tc D, till abating Radius, and 
ſ01t falls into the x x Caſe, and is thus-wrought. 

| The 


by a great Circle. 152 * 
The difference of longitude ss DB 51.9, 00 « DB 9.80050 
The difference of latitudes AB 5o oo tc AB 9.92381 


T he ang le of poſition is compl. BDA 33 07 tcvA 9.31431 
; - If, you would have the letters in all Examples to agree with the ex- 
emplary Tables, you muſt mark your right angled triangle [Wo-Wayes, 

and the oblique fix wayes, a$ we have before ſhewed; and it will not 
be amils to do iv, eſpecially if you uſe thoie Tables. But as I have 
before ſaid, I would rather with every man to deduce his operatidns 
from the two fundamental Axioms, and their ConſeRaries,in ſuch ſort 
as I have here ſhewed in theſe three Examples, for the like is to be con- 
ceived in all others, though it be not expreſſed. - Yet I have ſet down 
thoſe exemplary Tables for all the Caſes in all kinds of triangles ,-as 
well becauſe ſome others have in, part done the like before ( though in 
2 different manner ) as becauſe a man may by them ceadily examine 
the form of his work. . ; 

The three parts of this Problem, and ſo the reſt that follow, might 
have been as well reſolved in the quadrantal triangle AD G : where 
G repreſents the North-pole ; the angle at G, the difference of lon- 
citude, AG the complement of the atitude of the Lizard; ADG 
the angle of dire& poſition from the Amazores to the Lizard , &c. 
As admit this laſt angle AD were required: Then foraſinuch as 
there is given the angle G,being the difference of longitude,and A G, 
the complement of the latitude: therefore by the firſt fundamental 
Axtom. ; 

s G + Rad. =tc AG+t ADG, therefores G+t AG — 
teA DG, and thus it falls into the > Caſe of quadrantal triangles, 
and is wrought, as in this Example. oe 

The difference of longitude 5s G51d. oo's G 9.89 550 

T he latitude is compl. AGF5o0 coor AG 9.92381 


The angle of poſition 1s ADG3;; o7 tAD6G 9.81431 
The ſame might have been found in the quadrantal triangle, A DF, 
all which to handle particularly would be too tedious; therefore it 
{hall ſuffice hereafter to ſhew this application only io right angled tri- 
_ ; for Dythis one example of Quadrantals, you may conceive 

the reſt, 
And thus it appears, that he which would ſail the neareſt way-from 
the 


. the Amazons to the Lizard, ſhould at-ficſt ſhape his courſe 33 degr, 


s, 
o 
- 
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Problems of Sayling 


'07 m.from theMeridian tothe Eaſtward,thatis almoſt 3 points of the 
Compaſs,namely,” e by ». Now admit the wind ſhould ſo ſerve\that he 
might come away = # by n,yet it is to be underſtood,that in this kind of 
Sayling,he is not to continue this courſe long, but to ſhift it as often as 
occaſion requires, till inclinivg more and more to the Eaſtwards 
which hoy it may be done, we ſhall more expreſſely ſhew hereafter, 
Probl. 2. Two places being propoſed, the one under the Equinottial, the 

* other in any Latitude groen ; and the neareſt diſtance in 4 great Cir- 
cle of the ſame Slack: bang alſo known, to find, | 

I  T heit difference of Longitude, 

2 The dirett poſition from the firſt place to the ſecond, 

3 eAndfrom the ſecond place to the firſt. 

Ler thz places be the ſame as before, and let there be given the dif. 


ference of Latitude A B 5o d. 09 m. and their neareſt diftance A D 


132243 Leagues, that is 66 d. 08 m, in the arch of a great Circle. 
Firſt, then for the difference of Longitude D B, by the 12 Caſe of 
right angled Triangles. BY 


T he latitude is | _ AB 5od. 00'4v. ar.s AB oar919; 
'The neareſt diſtances AD 66 08 55 AD 9.60704 
The differ of longitude s DB 51 o©0 «DB 9.79897 
Secondly, for the dirett poſition from A to D, by the 13 Caſe. 
The latitude 15 AB 50 d, 0o' t AB +10.07619 
The neareſt diſtance is AD 66 o8 tcAD y.64586 
Toa ayer F © &: WS (a | 9.72205 
irdly, for the dirett poſition from D to A, by the 1.4 Caſe, 
The neareſt diftance is AD 66 d.o8' co.ar.s AD 0.03882 


The latitude ts AB 5o oo sA'B 9.88425 


The pofition is compl, , BDA 33 07 s BDA 9.92307 
_ In like ſort,if there were given the Latitude AB, and the angle of 
dire& poſition BAD : we might find the difference of longitude BD, 
by the firſt Caſe of ſpherical triangles; the dire& poſition BDA , by 
the ſecond Caſe, and the neareſt diftance A D by the third Caſe. And 
thus we_might proceed to frame in all 30 Queſtions touching theſe 2 
places,as we have before ſhewed in handling right angled ſpherical tri- 
anglex; which things T leave to your own praRice, defirive to uſe as 


— Whch brevity as I may. Probl. 
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. Probl, 73 - Tye places propoſed beth mont'and the fame latitude given, 
+»! . 1 ndgheir difference of longitude 'keing'h/ſa knows : ro find” 
16 Þ The nearali diſtunce ofataſe twaplaces0) * 15. 515 
"1.2 The dimett ptjiion of ebriext plaxofrots thaathers «v1. 
* Adnut there bg twaiplacesg bath inchadititade of go degteevao!; 
No:therly,” and diffecing in longituded7a deg. got: kdemand their 
neareff diſtange ig the arch.of a great Citcle, and theiditeR poſition of 
the one froth the oth27? "vg foe ob GD 
In the 7 problem of latling\by:Mecar; 1 Ex 
tars Chart, there was required the-/difiance - | { 
A | F. 
\ 
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of theſe two places meaſuredin their paral- 
lel : , but here is required their nearelt di- 
ſtance inthe arch of a great Circle. 

Asinthis example; E A D, let the two: 4: = 

places be E and 4,-and1et Dbe the North: : —_ 
Pole; then eA D and E D. are eithgriof them 40 gfe oo': namely, 
the complement of the latitude,and the/avgle & D:A'is the difference 
of longit. 70 deg. oo”; there is required-the neareſt Cittance E B A: 
and the dire& pokition one from the other, DEA or D A KF, for 
in this Cafe thoſe rwo-anglesare equal. -- - 

And ſeeing E Dis equal to A D, therefore letung GRE erpen- 
dicufar D B, the Trizngls EP As divided into two refs | 6 tri. 
angles, E D Band A D B, whichafe every wayes <qual., Whetefore, 

Firſt for the neareſt diftance E A; there is given in the. tight an- 
oled triangle A D B, the complement of the latitude A D 4 deg, oo, 
and half the difference of Jongitude, A DB 3.5 deg.. 09* ; whereby I 
find A BaSreeable eo'the's Cafe TR En OT 
The compli of the ſnratutle & ' © © A Duebdes. oo FAD: g.J0807 
Half theuiffer. of longitnae is ' © ADB35 o05ADB 9.755859 


Half the diftarce 8, ©'©ABz1 *38 4AB 9.56666 
Which doubled is © A AE43 16 And this conver- 


red into'mifes;7$4 FYFmiles;rh®nctreft ftanee of theſs two places 
inthe arch of a great Circle, being leſs tharftheit diftarce'meaſured in | 
thzir parallel by 104 miles. HO 
Secondly,” for the direft puſitiyn D'A B by the g Caſe. 

T he comp!. of the latitude is AD 40 dev. oo", ' AD 9.88425 
Half the differ.of longnude s ADB 3 53: qo tADB 9.84522 
The avy of paſtworits += > DAT 61+ 48: 'veDAB 9:72948 
L15145464 X Winch 


156- Problemes of 8a5ling 
i weth, that be which would go the neareft way from A 
to mg Weſt, though both be under one parallel ; but be is 
at fic to ſhape his courſe from A wawhalf a point northerly ; after- 
wards wnw z and ſo-by little and linile-w by"; then Weſt, then w by 5, 
akterwards wow, andatlaſtiws w-; a point Southerly. 
Probt.4. Tie placer propoſed, both in one aud the ſeme latitude gruen, 
nd their neareſt diſtance teing alſo known : to find, 

1 Their difference of _—_— | 

2 The dire&& poſition of the one-place frons the other, 

Admit there be two places, as Aand E, both in the latitude of 56 
deerees northerly ; and let their neace(t diſtance be ABE 2596 
mikes, that is 43 deg. £6': I demand their diff-rence of longitude , 
| | which is theangle ADE, and the dire& po- 


E, ftion of the one from the other, namely, the 
: angcleDAE, or DE A? 

j Firſt, For the difference of Longetmude, 
| » ADE. Seeing that ABE is 43 Ces. 16, 


therefore ABis21 deg, 38 : wherefore by 


We: the 1.4 Caſe of right angled ſpherical trian- 
” eles, Ifind ADE thus: 
T he conwpl.. of the latit. is AD 40 deg. 0'. ca.ar:s AD 0.19193 
Half the diſtance ts AB21 38 sS AB 9.56563 


Half the differ. of long. ADB 35 co $£ ADs 9.75856 
Which doubledis. ADE 70 00, the difference of lon- 
tude required. | 
Secondly, For the direft poſition DAE or DAB, by the 13 Caſe, 
T he latunde is the cempl. of AD 50deg.oo', tc A D10.07619 
" Half the diſtance ts AB2r 38 #AB g.59835 
The anple of Potions DAB61 8..5DAB9.6 
Pcobl. 5. 20 places propoſed, bath in one and & ſame Poe I 
aud the diſtance of thoſe. places in their parallel being alſo 
known :- to find, 
. 1 Their difference of longitnde. ESA 
; 2 Therr neareſt diſtence in the arch of a great Circle, 
3 Theabrett poſition of the one from the x, wah 
Admit there be two-places, both in the latitude of 50 degrees, 
10 Minutes northerly ;.and let. the diſtance of theſe places in their 


parallel 


by a great Circle, | 155 
parallel be 2700 miles ; there is required their difference of Longi- 
tude, &Cc. 

We have noted before, that as the ſemidiamerer of a parallel is 
in propertion to the ſemidiameter of the equinoRial : ſo is any num- 
ber of miles in that paralle}, to the minutes of longitude , aniwering 
to thoſe miles: and if we ſuppoſe the {emidiameter of the equinoRiai 
to be Radius, then the ſemidiameter of any parallel is the fine of thit 
parallels diſtance from the Pole, that is the fine of the complement of 
_ the latitude of that parallel. Therefore , | 


A's ſine complement the latitude, 5c 50 deg. 00', co. ar. 0.19 19 3 


to Radine : 

So the d:ſtance in that parallel, 2750 miles, 3 43136 

to the difference of longitude, 4200 miles, 3.62329 
Which converted into degrecs, is 70 deg. eo, the difference cf 
Jongitude required. | 


And thus having found the difference of longitude , the neareſt 
diſtance, and the dire& poſtion may be foundags in the third Pro- 
| blembefore going, which with ſuch other queſtions as might be mo- 
ved in this Triangle AE D, I leave to your own praQice. 


Probl. 6. The latitudes of two places being given, roperher with their 
difference of longitude : to find, 
1 Their neareſt diſtance in the arch of 4 great Circle, 
2 Thedirett poſition fron the firſt place to the ſecond. - 
3 And fron the ſecond place tothe firſt, 

As in the Triangle ADE.Let A repreſent 
the North pole, D the Lizard lying in the 
latitude of 5o deg. oo min. the comple- 
ment whereof is A D 4o deg. oo min. and 
let E repreſent the Sanmers Iſlands, lying 
inthe latitude of 32 degrees, 25 min. the 
complement whereofis A E 57 degrees,z5 
minutes; and let their difference of longi- 
tude be 70 deg. comin. namely, the con. 
tained angle DAE : there is required the 
neareſt diſtance of theſe two places E D, 
and the ſeveral poſitions of the one from the other; namely, the an- 
gles ADE,and AED, So that here are given two fides 4A D and AE 

RX 2 with 


bl 


as Proble ws \ of "Sayling 
with theic contained avgle D AE: and firſt there is required the third 
(ide. E D. : Et . 
| Wherefore, according to the direRions, (hap. 5. of Spherical Tri. 
anvles,..I let fa) a perperiaiculac from Eor:D, for four will, fall: from 
" thzendof a fide given, and oppolite toan angle given, &c, As firlt; 
letit fall from the point.of the Lzzard repreſented here: by D, upon 
thz metidian of Summers IſLends A E ; and b2cauſe the angles at A 
and E are both of one kind, namely, both acutz ; therefore the per- 
pendicular falls within the triangle. MC M41 - 

Then for the neareſt diſtance required E D, the way bath been for- 
metly to find it at threz operations, thus : 

1. For the perpend, D 8, by the S Caſe of right angled triang 5. 

The campl, of latitude AD#40d.coms AD g.vt0807 

The differ. of longitude DA DB © 2A 9.97298 


T he perpendicular DB #37 109 ' s D'B 9.98105 
; -2. For thed ſt. of the per pend: from the:poule A B by the 7 Caſe. 

T he differ, of long:tude -D AB#70d.00 m.sc DAB g.53405 

The compl..of latitude AD#449 coo &t* AD 9g.92381 


The firſt arch 7 AB #16 ot t AB 9.45786 
"Which 1ubKraRed from AE 57> 3x, there remains 
the ſecond arch . BB qi --24 * 


3. Having found D B,and E Bywe way find ED by the 10 Caſe,thus, 
T he perpendicular DB #« 37 dev, ztom. DB 9.90139 
T he ſecond arch EB #& 41 34 56EB 9.874or 


The neareſt d ſtave E D &s JZ3 = 24 La E D 9.77540 

Which 53 d. 2.4 m, convert: d unto miles, TT: 3204 miles, or 1068 

leagues ; and this is the neareſt diſtance required in the arch of 2 

oreat Circle. X | Cn 

Notre. And thus in aty oblique ſpherical triangte, when the que- 
tion 1s ſuch, that it requizes the-perpendicular to be let fall , yau may 
reſolve it at three operatians, Þy the Caſes of a right aneled-rrianvle 
only ; the manner. hay, i it; - 

MIy..; 


w— {<7 (opanitrR, thatitſeemed ſuper- 
flgoug to handle Tt patticy herefare,as before in the Caſ-$-ard 
Problems of this nature,: 


ns ; ©+1n. thoſe which.foilow, it thall ſufice to 
thew their zefolutgn at .tyo.operations ; which, as it is much readier 
being well underBogd, {2:35 .0mething hargderto be underfiood than 
the former, Gy Fi:f, 


Ee > 


, 
*3 ; 


<_——, 


/ 


letting fall a perpendicular, Chap. 5. Ilet it 


by a great Circle, -  Efgg 
Firkt,thetefore the complement of -the one latitude being A D:4o 
d. and of the other AE&57 d. 35 m. and the difference - of longitude 
D AE 70d. we may find the nearelt diſtance E D at two operations 
acreeable to the 3 Caſe of oblique ſpherical triangles ; thus, 
he difference of longitude D A b s70d,00':6 DAB 9.53405 
The complem, of latitude ADiS 49 00 t eA D 9.92381 


' Thefirſt arch > MF - ol #, AB 9.45786 
7 W hich ſubſtraRed from ARE 57-38 there remains 
the ſecond arch E 8 41. 54 


As ſine compl. the firſt arch, 56 A Be 16 degr. or m. © 0.017 19 
to fine compl. the ſecond: $oE Boeagr © 34 9.87401 
Sa the (ine of the latutnde, 5c A Ds 50 of 9 $8425 


to fine compl. the diſtance, 5cEDs 36 36 9.77545 

Therefore the arch EDis 53 deg. 24 m. which is the diftance of 
theſe two places in the arch of a great Circle ; and this converted in- 
to leagues, is 1068 leagues, as before. 

Secondly, by the ſame things given : to find the dirett poſtion if the 
one place from the other, 

As firlt, to find the poſition from Summers Iſlands, which ſuppoſe 


to be at E, to the Lizardat D. 


Here according to the ſecond condition of 


fall from the Lizard at D, thatTo it may be 
oppoſite,not only to the angle given at A.but 
allo to the angle required at E. And then 
agreeable to the fourth Caſe of oblique ſphe= 
rical triangles, 1 firſt find as before eF B to 
bzalmoſt16d.1 m.and E Byrd. 34m. » 
then I ſay, ass ABtosEB, (o tc A to tic HY 
E. Orif you wculd not work by their com- 
plement : Say, 

As fine the ſecond arch, s EBq14.34m, co,ar. 0.17816 


to fixe the firſt arch, "© s AB16 or 9.44044 
So the tang, of the longit, t DAE 70 oo 10 43393 
20 the tang, of dire poſit, t AED 48 47 10.05753 


_ Wheredy it appears, that the angle of poſition from E towards D, 
3 is 


, 


| 446 Problems of Sailing. 
is 48 deg. 477, thatis, from-the North part of the Meridian E A , 
Points 3 teg. 47', namely, »e 3 deg. 47 catterly. 


Thirdly , By the ſame things given, to find the dire poſition 
from the ſecond place to the frſt. As fromthe Lizard to Suns. 
mers Iſlands. | 


'Here the work differs net from the former , 
provided, that you lzt fall the perpendicular ' 
ſo, þas it may be oppoſite to the avgles given 
and required. AS in this Triangle, let e be 
the Pole, E the Lizard , D Summers Iſlands, 
the perpendicular I let fall from DtoZ, that 
ſo it may be oppoſite to the angle given at eF, 

and to the angle required at E. Thenis .A D 
z 57 degrees 35', AE 4odeg.oo, DAE 54 
des: oo", therefore I ſay, 

The differ. of longitude D AB # 70 deg. 00,6 DAB 9.53405 
The compl. of latitudes ADs 57 35 © AD 10.19721 
The firft arch _ AB »2g 18 8 AB 9.73126 

Which taken from AE 40 *© oo there remaing 

The ſecondarch EB 1: 42, whereby the angleat 
E is thus found. As: AB,tos EB: ſorc A, to rc E, or to ſhun the 
complements . 


eAs fine the ſecond arch, sEB11deg.4q2', co.ar, 0.69296 


B 


to fine the firſkarch:  $ AB38 I2 9.67445 
So thetangent of the lowugit. tA 7o ©0 10.43 895 
42 the tang. of direft poſition t E 81 o8 10.80634 


Which is the angle of the dire& poſition from the Lizard toward 
Supewers Iſlands, being from the Northpart of the Meridian to the 
Wellwards 7 points of the Compals, and almoſt a quarter, that is, 
w by » 2 deg. 23' Weſterly. þ 

And thus it appears, that he which would (ail the neareſt way from 
Summers Iſlands to th2 Lizard , mult at firſt ſhape his courſe »e 
Eaftzrly, afterrvards by degrees ne by e, then e »e, then e by », then 
Eaſt, then Eaſt Southerly, &c. as we ſhall more particularly (hew 
hereafter, and the like is to be underſtood of other places. 


. 


But 


by « great Circle, x67: 


' Buthere, after the firſt pare of this Prodlems was wrought, namely, 
after the diftance of the two places E and D was found, the anghes of - 
poſition from the one to tho other, might have been more readily 
found,cither of them at a ſingle eperation,a8in this ſollowing problem. 


Probl, 7. The neareſt diſtance of two places, with their difference of len- 
gitude, aud one of rheir latitudes groen : to. find the di- 
rebt poſition thereof from the other. 


As admit a diftance in a great Circle from the Lizurd to Simmers: 
Iſanls, namely, from' E to D, to be as.it was before found 1068 
leagues, or 53 deg. 24'; and let their difference of longitude E 4 D 
be 70 deg. oo'; and let the latitude of the Lizard be 50 deg. oo", 
whoſe complement E A is 4o deg. 00'; there is required the direct: 
poſition from Sanmmers /ſlands to the Lizard, namely,the angle ADE. 
Then doth this problem come under the ſecond Caſe of oblique ſphe- | 
rical Triangles, and is thus reſolved. | 


. diftan 
a TED my, ED 53 dev. 24', co.ar. 0.09538: 
ro ſine their differ. of lowgit. : DAE 79a 00, 9.97298 
So fine comppl.ube latitude of $ AE 40 OO, 0.80807 
ried arr - 2 f F | 
to the fine of the dareli peſui-Q, 4DF,3 
01 from the other. F , 452 9.37643 


Whereas there 1s a minute difference between the arch before 
found, and this ; it may ariſe by negleRing, ſome ſeecnds or parts of a 
minute in the work, which h-re we regard nor. - rn, 

- Inlike manner, by the complement of the other latitade given , 
A D, we might find the dire polition from the Lrzard to Summers 
I{lands, namely, the angle A E D. CE Ry 

And thus we might proceed ro frame many other queſtions in this 
Triangfe to the number of '60, touching the diftarice, difference- of 
longituge, latitudes, and angl:s of poſition of theſe two places which 
will not be hard to him that underſtanderh what we have before deli- 
vered touching oblique ſpherical Triangles. 

And what hath been ſaid touching theſe two places , the ſame 
is to be conceived of any othzr two places diff:civg in their longi- 
es 


on 


2 Problems: of $ayling ; 
tudes and latitudes. :And::though the: one place fhould have latitude 
. Notherly,-and. the other Southerly, yet is the operation little diffe- 


redt,for tili-the arches;of their Merician inte;cepted betiveen them, 


2nd the-neareft pole, ;ate:treo lides of the triangle, the arch.of a great, 


Ci:cle intercepted between the two places is the third fide ; the an- 


oo 


oles contained'detwetenttiat arch and-the Merion of either place, ace; 


the angles of poſition; -and.'the angle compretznded between their 
two Mecidians, is their difference of longitude. Therefore paſling 
over theſe, we halte to ſuch things as mote neceſſarily concern the pra- 
Rice of (ailing by a great Circle, ! JETER 


Probl. 8. Tofindby what longitudes and latitudes the arch of a great 


C wrcle dab paſs. 


© We have ſhewed before how-to find the diſtance of two places in 


the arch of a great Circle, as alſo the angles of direct poſition from the; = 


one to the other ; here is required the longitudes and latitudes, - by 
which that arch of a great Circle doth pals. 

| As in this'Triangle, Let A be Sans. 
mers Iſlands, E the Lizard, A'E an 
arch: of the great Circle paſſing by: 
theſe places; it is required to thew 
the lcn2itudes andlaticudes by which 
this arch A E doth paſs: $4.14 
. Here it is requihite to let fall a per- 
pendicular from the poleD, to the 
arch AE (extended if need fo re- 
quire) which let be D B $then firſt to 
find 'the length of that perpendicular ; 
Secondly,the parts of the vertical an- 


—D otz: ADBandEDB, far theſe be- 
ds, of nts + :2:2: - pg had, every other queſtion will fall 
in rightangled Triangles, and {0 be reſolved by the additien of two 
numbers only. v5 2.47) 16:16 
= Firſt ther for the perpendicular, D B, there are given the hypothe- 
nuſal A D 57 deg. 35', and the angle of poſition at A was before 
found 48 deg. 48'; -therefare by the 3 Caſe, . 
«70 on 1 P3305 £95043 C1 | 


We 
The 


by a great Circle. 163 
The complenent of latitude AD is 57 d. 35' 5AD 9.92643 


The angle of poſition Ais 48 48 5A 9.87645 
The perpendientar: 2 DB. is- 39 26 5s5DB. 9.80288 


And tflis 39 d.$6 min. is the complemert of the greatelt latitude, 
by which the great Circle A 5 E doth paſs, rherefore tho greateſt 
obliquity or latitude from the Equino&ial of that Circleis 5o d. 34 , 

Secondly, for the angles ADB and E DB, by the ninth Caſe. 
The latitude ts the compl. of AD 32 d. 25 AD 9.72922 
The angle of direft poſitions A 48 48 tA 10.05778 


The angle at theyerpend, u ADB 58 31 tc ADB 9.78700 
And ieeing the whole A D E is 70 deg. oo, therefore the angle 
EDB is 11.9. 29 m. So that for the greateft latitude of this Cir- 
cle, which is B, we have found the difference of longitude from & to 
EDB 11d. 29 m. andfrom'the angle ADB 58d. 31 m. 

Now the difference of longitude from 4 to E, namely, the angle 
ADE being 70d. oo m. let itbe required to find by wht latitudes 
the arch eA E dothpaſs for every tenth degree of longitude from 
A. As ſuppoking the point T, to differ in longitude from A 10 deer, I 
would know the latitude of the ſame point I. 

Here ſeeing we have before found the angle eA DB to be58d. 
31 m. and the angle A DI being by ſuppoſition 10 degr.therefore the 
angle IDB is 48degr. 31 m. and the perpendicular D B, we found 
before to be 39 degr. 26 m. by which we may find the complement 
of the laticude D I according to the third Caſe, thus. 

The angle 1DB. 48 d. 31 $6-JDB 9g.82112 
The perpendicular . DB 39. . 26 16 DB 10,08492 


The latitude is the compl. of DB 38 Fi tcDI 9g.90604 
In like manner, ſuppoſing the point O, to difter in loneitude from 
A20 degr, oo m. V 3odegr. M 40 degr. N 50 degr. we (hgll find 
the latitude of thepoint O to be 43 devr. 34 m. thz latitude of V 
46 degr. 54 m. the latitude of M 49 degr. 04 m. and the latitude of 

N 5o degr. 15 m. 
| Nge. For every of theſe differences of longitude propoſed, we 
might'alfo find the diftances and angles of poſition contrariwiſe , for 
any difference of latitud2 given, we-might find the difference of {on- 
gltude,the diſtance and avgle of poſition : and for any difiance given, 
< * We 
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we might find the difference of longitude and latitude, and the angle 
of poſition. All which will be eafily performed by him that is alit- 
tle exerciſed in ſpherical triangles. : He 8 
Probl. 9. To find hw far 4man' ſails by the arch of a great Circle 

lord: much he ſhall alter his aſe. and latitude, ""y 
fore he alter his courſe any number of degrees propoſed. 


| We found before, that the angle of poſition at A was 48 d, 48 m. 
\ ſhewing, that he which would [ail from Swmwzers Iſlands, here repre- . 
ſented by A, to the Lizard at E, the direeſt and neareſt way, muſt 
at fi:ſt ſhape his courſe from A North-eaſt 3 d. 48 m. Eafterly. Yet 
he is not to continue this courſe, but to incline by-degrees more and 
more to the Eaſftwards, &c, Now then I demand,” How far a man 
ſails from A in the arch of a greac Circle, before he alter his courſe 7 
d. 27 m. that is, before he may Reer: away »eby e, and how much 
ſhall he fictt alter his-longitude and latitude? ,; 

Suppoſe he muſt firſt come to I, before hexlter-his courſe 7 6. 27 
m. then is there required the diſtance A 1, and the longitude and lati- 
tude of the point 1. Ea dzet, 

Here it is requiſite, that the perpendicukar D B be known , which 
we before found to be 79 d. 26 m. alſo the parts of the baſe A Band 
E B, which we may find by the ſeventh Caſe, thus. - | 
The angle of poſition given A is 48d. 48m.sc A 9.81868 
The complement of lautude AD is 57: 35 tAD10.19720 


The baſe , _- - AB' is 46 03. rt AB 10.01588 
| Which taken from AE Its © 
there remains *- EB 5: 00s | 
Theſe thingspremiſed, we come to reſolve the queſtion. And con- 
fidering that the courſe given at I, is » eby ce, which rumb makes with 
the meridian an argle of 56 d. 15; m, therefore in the triangle D'1 B, . 
the argleatI is 56d. x5 m. and the perpendicular DB is 39 d.'26 
m. whereby we may find. I B by the fixth Caſe, thus. 
The angle «f poſition groen. I 56d. T5 m. recDIB 9.82499 


The perpendzcular 5&5 D B 39 26 t D B 9.91 507 

The baſe IB 23 20 i1B _9.f 296 
Whichtzken from AB 46 | 03 og 
there rerains AI tz ' 43 


Which 


—_ 


by 4 great Gircle. I65 


ich converted into leagues, is 2 543'leagnes, and ſo far you are 
to þogrere Ain the arch of a great Circle, before you alter your 
courſe 7 deg. 27 min. And in like ſort you may find 1t for every hn- 
ole degree to be ſuch, as by this Table appeareth. 


Where you may perceive, that having run from 


Angleof | Diſt. 1m , cowards E by the archi of a great Circle 2 deg. 
ofit on, d. Fm. 2 min. that is 405 leagues, you alter your courſe 
——— || one degree mote'Ealterly than you began. When 
eg.min. | deg.no1n. -you have ren 3 deg.56 min.you alter your courſe 
—1 2 deg. oo min. &c. aSin the Table. 
4+5—45 | 00—00) Now for finding the longitude andIlatitude of 
49—48 | 02-—02 any of theſe points, it may be done by help of 
5 O—4d | 93—5®| the perpendicular, and angle of poſition given. 
[5 I—48 | 05—43] agif there were required the longitude and lati- 
152—48 | 97—25| tude of the point I, there is given in the triapgle 
$3—48]09—03[xh B, the angle of poſition at I,and the perpen- 
54—48110—35] gicular DB, wherefote by the 5 Caſe 1 find the 
55—48 | 12—04 complement-of.- the latitude DI, and by the 4 
$6—15112=—41| Caſe the difference of longitude BD I, the an- 


ole BDA being before known. 
But notwithſtanding all that hath 


futherto been ſaid, it may ſeem hard 
to dire& a ſhip, and to keep ſuch a 
"reckoning as may be agreeable, to 
this method of ſailing by a ereat 
Circle. And indeed, as it is in a 
manner impoſlible, ſo neither is it 
neceflary, that a ſhip ſhould always 
perſevere exaQly in the arch of a 
oreat Circle. It may ſuffice, and is 
almeſt the ſame in effeR, if a ſhip 
be ſo direQed that ſhe $0 near this 
arch, Which, how it may be done, 
and that with facility, we come now ' 
to ſhew in this next Problem, 


R) 
_ 


Probl. 
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Probl, 10. How 4 man may direft bi courſes, and keep hu reckoning, 
that would Sayl near the arch of a great Circle. 


That this may be the more plain,we will briefly repeat ſome things 
before handled, (erving for this purpoſe; *and firlt, ſuppole the lati- 
"tudes, and the difference of longitude of the two places to be given ; 
then may you find their nzare(t diltance in tne arch of a great Circle, 
and the angles of the polition of the one from the other, as we have 
ſhewed in the fixth and ſeventh Problems before going. And thus all 
the parts of. the Triangle propoſed are known, namely, the three 
angles, and the three lides. ; 

Secondly, you may find ( as we have before thewed in the eighth 
Problem) by what {ongitudes and latitudes this arch of a great 
Circle doth paſs, namely , the arch that goes by the two places pro- 
poſed ; and this you may do for every fifth degree of longitude,or for | 
every ſingle degree, if you will take that pains: or if your difference 
of latitude be more than your difference of longitude, you may do 
ie for every fifth degree of difference of latitude, or for every {angle 
deoree. : y 
1 hirdly » upon a Chart or Blank lined with Meridians , Parallels, 
an! Rumbs,according to Mercator's ProjeRion;you may prick 'd6wn 
all the longitudes and latitudes found as aforetaid , by. which pricks 
you may draw arches, which ſhall repreſent th2 arch or the great Cir- 
- clepaſſing by the two places propoſed: or if you only draw right 

lines from one prick to another, it may ſuffice, Which arch being thus 
deſcribed on that Chart or Blank, you ſhall eaſily ſee thereby what 
courſes to ſhape, and hoy to keep your reckoning, ſayling ſo near that 
arch-of a great Circle as you ſhall think convenient. 

It may ſeem impoſſible, that this arch of a great Tircle, being upon 
the Chart or Blank a curve line , ſhould be a ſhorter paſſage between 
two places, than the right line drawn on the Chart from the one to the 
other : Bt he that well underRtands the ground and projzRion of this 
Chart, will be able of himſelf to reſolve this Paradox ; foraſmuch as 
the degrees of latitude by which the arch doth pals, are greater than 
thedegrees of latitude by which the right line doth pa{s: whence it is, 
that the degrees contained in the arch, are fewer than thoſe contained 
in the tight line ; therefore to proceed, 


Let . 


by a great Circle, 


70 degr. 
As in this Diagram , let E repreſent 


North pole: Then is A E the comple- 
ment of the latitude of Summers Iſlands, 
579. 35 m. A D the complement of the 
latitude of the Li: ard 40d. DAE their 

difference of longitude 70 d. oo m. By 
which things given,we may find their nea- 
relt diſtance E D, asin rhe fixth Problem 


There remains 


Then I ay, 


As fine complement A 
to ſine complement E 
So fine complement A 
to (ine complement E 


Therefore the arch ED &s 


Summers /{lands, D the Lizard, eA the - 
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Let us take for Example the two places before mentioned, namely, 
Summers Iſlands, lying in the latitude of 33 d. 25 m. and the Lizard 
in the latitude of 50 d. 00 m, and let their difference of longitude be 


— 


thus, 
To fine complement D AB that vs, to fine compl. 70 d. og' 
Add the tangent of AD that i the tangent of 40 o©0o* 


The ſum is the tangent of AB that is the tangent of 16 o©1 
Which ſubſtratted from AE that s, from OS 
E B s, 


41 34 


B that 7, ſine complement 16 d, on . 
B that s, ſine complement 41 ©4 
D that #, ſine complement 40 ofs: 
D that 4s, the ſine of 36 36 


Which 1s the diſtance of the Lizard from Sumwers Iſlands, inthe 
arch of a great Circle, namely, x 068 leagues. 
This done, we may find their poſitions one from anothes, namely, 
the angles at E and D by the ſeventh Problem, ſaying, 
As fme E D J3Z d. 35m. toſme D AE 70 d. com. 
Some AE 57 d, 24m. toſme ADE $1 d. o8m. the 
dire poſition from the Lizard to Summers Iſlands. Allo, 


A 


16$ 
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As ſine ED53 deg. 24 min. tofine D AE 70 deg. oo min. 

So fine A D 40 deg. oo min. to fine AED 48 deg. 48 ſeconds, 
the dire& poſition from Summers {lands to the Lizard. And thus 
are all the ſides and angles of this triangle diſcovered. 

Secondly, by the 8 Problem, I find by what longitudes and lati- 
tudes this arch E D muſt paſs ; for which the former perpendicular | 
DB is not apt, therefore in-the foregoing triangle, page 165. let A 
repreſent Swnemers Iſlands, E the Lizard, I the Notth-pole, 
and let a perpendicular fall from the pole D , which let be D B : and 


draw-certain other meridians, as DI, DO, D V, &c. 


And {o pro- 


ceediin all points, as in the 8 Problem , to find the length of this 
perpendicular,and the angles at the perpendicular AD Band E DB: 
and laltly , for every ſeveral longitude from A, find the latitude 


Longu . 
fron oA Lat:it. 
deg.min deg.min. 
o00— 00[32 25 
oF 35 $2 
10 38 51k 
IF 41 24 
20 $3 34 
RE A 8 | 
25 45 2 
Zo 46 5 
$5: 190 07 
40 49 O04 
45 49 47 
50 ſo I 
55 50 3 
op 150 33 
65 5o 23 
70 FO OO 


anſwerable. Thus ſuppoſing the point I to differ 
in longitude from the point A,.5 degrees, that is, 
ſuppoſing the angle ADI to be 5 degrees, we ſhall 
find the latitude of that point I to be 35 degrees, 
5 2 min; or ſuppoſing that angle A D I to be 10 
degrees, we ſhall find the latitude of that point 1 
to be 38 degr, 51 min. and ſo of the reſt, as by 
this Table appears. 

Thirdly, I draw a blank according to Merca- 
tor's projeRtion ( which may be done ejther by 
Mr. rights own Tables, as he hath ſhewed in his 
Book of. the Correftion of Errors in Navigation, 
Chap. 5. or by the abridgement thereof, which I 
have before placed, and called a Table of meridi- 
onal parts) ſoas there may a meridian be drawn 
by every fifth degree of longitude. Jn which 
blank, I ſet down Swmmers Iſlands, and the 
Lizard, according to their latitudes , and dif- 


7| ference of longitude before given, and in the 


meridian, that is 5 degrees to the Eaftward 
of Summers Iſlands, I make a prick or mark at 
35 deg. 52 min. of latitude; likewiſe in the 
meridian that is 10 deg. to the Eaftwards of 
Summers Iſlands, I make a mark at 38 de- 


grees, 51 minutes of latitude ; and ſo I proceed with all the reft, 


as 
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as by this Table I am direed. Then by theſe pricks or marks 
thus made on the Blank, 1 draw the arches of Circles or right 
lines from one to anther, and ſo ſhall I deſcribe a curve line 
on the Blank, repreſenting ſo near as ſhall be neceſſary, an 
arch_of the great Circle paſſing from Summers Iflards to the 
Lizard. And if it were done tor every ſingle degree ( as here 
it is for every fifth degree) It would come nearer the exact 
truth, Which curve line being thus deſcribed on yout Blank, 
you ſhall thereby ſee what couries to ſhape, to keep as near it as 
you think-good ; and you may ſet down your reckoning on that Blank 
acco:dinely. LENS; 

As having crawr the aforeſaid curve line upon the Blank, ac+ 
cording to the ſeyeral longitudes and latitudes expreſſed <in the 
foregoing Table; 1 ſee by that Blank, that I may firſt ſhape my 
courie trom: Summers Iflands, ne half a point eaſterly about 200 
leacues ; ſo ſhall I have run my ſelf into the - latitude of 35 de- 
orees, 45 minutes; and have altered my longitude 9 degrees, 30 
minutes : From thence again , I (ee I may ſay] away ze bye; or 
if 1 would not come near the Bank of New found-land, 1 may 
ſhape a more eaſterly covrſe ; but ſuppoſe 1 tull defare to keep 
near. the arch of a great Circle, then I ſay I may ſayl away z eby e 
200 [eagues,and ſothould be in the latitude of 41 degrees 3 2 minutes, 
and have altered my longitude 1 4 de; rees 5:6 minutes. From thence 
again I may ſayl eze half a point Northerly 165 leagues, and then 
thould he in th2 latitude of 45 degrees,2 5 minutes, having altered my 
longitude 2 4 degrees,5 3 minutes. From therce ag1in ſaylingene 130 
leagues, thall be 1n th2 latitude of 47 degrees, 5 4 minutes,and have 
altered my longitude 3 3 degrees 42 minutes.Fiom thence e = e hal a 
paint ealte;ly 88 leagues,into the latitude of 42.degrees,1 1 min.and: 
difference of longitude 4o deg. 5 min. From thence again if I ſayl « b ## 
70 leagues, I ſhall be in the latitude of 49 degrees, 5 2-min. and have 
altered my longitade from Summers Iſlands to the eaſtward 45 deg. 
22 minutes. And thus being near the parallel of the Lizerd, I keep. 
in the ſame paralle!;ſayling Eaſt;till-I come right off from it,which by 
this reckoning ſhoula be 317 leagues; - and ſo the whole diftance from: 
Summers Iſlands to the Lizard , according to theſe courſes,ſhould be 
about 1070 leagues,going over the Bank of New: found-lard. Now; I 


lay, coming, into the latitude of 49 degrees, 52 minutes, or there- 
l abou's, 
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abouts , though by my reckoning, well reQified by obſervations, 1 
find my ſelf to be till ſhort of the Lizard, about 317 leagues: yer] 
. follow not the great Circle any further , but that I may-the more cer. 
tainly fall with the place intended, whether Selly or the L3zard,1 keep 
my (elf in thi parailel;and the rather,becauſe the reckonings outward 
and homeward,of Voyages made go this and otherplaces of the #ef. 
Indies, do for th: moſt part diſagree much. Which diſagreement ari- 
ſeth partly by the currant ſetting homeward from thoſe parts ; 
but chiefly becauſe thoſe reckonings are kept upon, the plain 
er common Sea-Chart ; which Chart , except a man return the 
ſame way home that he went out, is commonly ſubje& to prois 
Errors. 

And whereas I know, that the moſt part are wholly addiQed to the 
uſe of this Chart ; ſome alſe deſpifing all others,and may haply be of- 
fended that I ſhould thus tax it with groſs Errors ; I ſhall make it ap- 
pear (partly in this preſent Example ) that I do 1t not without juſt 
cauſe. | | | 

In ſayling from the Lizard to theſe Iflands, and ſo to ether parts 
of the Weſt- Indies; Men commonly run far to the Southwards, 
as ſometimes into the latitude of 3o degrees, ſometimes more 
Southerly, to get a wind; but coming homewards, their courſes are 
commonly more Northerly than the Rumb leading from thence 
home. But in this Example following, let us keep a mean; and 
to make ſhort, ſuppoſe a man ſhould ſayl from the L:1zard South-weſt 
near 50o leagues, and then- find himſelf in the latitude of 32 de- 
grees,2o0 minutes,and from thence Weſt 7 82 leagues,till he find him- 
felf dire&ly South from Summers lands, and about two leagues off: 
Then by this reckoning on the plain Chart , Summers Iſlends ſhould 
be diſtant from the Lizard 1 1 $9 leagues in a (traight courſe. Now 
admitting this reckoning outward -bound to be true, and theſe 
places to be thus fituated on the common Chart ; ler us ſuppoſe the 
reckoning homewards to be alſo kept on the ſame Chart. And becauſe 
coming home men keep ts the Northwards , let us ſuppoſe that he 
ſteers away »e half a pointeaſterly 200 leagues ; then »e by e 100 
leagues; ene half a point Northerly 165 leagues, e »e 130 leagues ; 
Eaft-North-Eaſt half a point eaſterly 88 leagues; Ealt and by North 
70 leagues; and e 317 leagues. Then by this reckoning upon the 
Plain Chart, he ſheuld be. ſhort of the Lizard about 160 


leagues. 


by a great Circle, 16g 


leagues. Whereas-by a true reckoning, he ſhould be as far ſhort as 
the Lizard. Atid bence it is, that they which come from thence, and 
other parts.of: the #eff-1ndies { making no allowance”). are at home 
before their reckoning ſometimes 200 leagues and more. For a mans 
reckoning by. the plain Cbact, wakes him ſhorter than he(houſd be by 
160 leicues ; ſometimes mote, and ſometimes leſs; and the current 
may put him forwards 50 or 60 leagues more, ſo that his Ship may be 
' above 200 cagues before his ceckoning, 7 

And thus much at preſent , touching! the three principal kinds of 


 Sayling-: which; I hopes 1 hall fave 6pportuit nity 20-handle more full 
- hereafter, with ſome other nure; and ts { 
faults a$ may peradventure be here commirted through haſte. 


A Table for the Angles which every Rumb ma- ; 
keth with the Meridian. 
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Of the Diclination of the Sur, and fixed Stars. 


ty 


Ecauſe in the praQice and application of the doArine of 
LEM Triangles, it 1s oftcn requifice, that the Suns declination 
VR be known, 1 have thought good here to place four Tables 

eral thereof : The firft, ſhewing the Suns declinations foreve. 
ry day of the firſt four years after the Leap-years; name- 
ly; for the years 1649, 16$3z 1657, 166rT, 1665, 2669, The 
ſecond, for the ſecond years after the Leap-years ; namely,for 1650, 
1654, 1558, 1662, 1666, 1670. * The rintd, for the third years 
after the Leap-yearsgnamely;for 165 1,.2655, 1659, 1663,1667, 
1671. . And the fourth, for :theſe Leap-years 1652, 1656, 1660, 
1664+ 1668, 16672, accordivg as they are cxpreſled in the head of 
each Table. And b:cauſe the obſervations of our Countreyman Mr. 
Edward wright, are not (as Ftakeit) inferior to any other at this 
day extant, therefore I haye drawn theſe Tables out of his, reQifying 
them by Profitiapherefic far theſe next enluins times. 

To theſe I have added ( cliiefly for the uſe of Seamen) Rules for 
Knding the Latitydes of. places by the declination and meridian att- 
tude of the Sun' or Stars; ind 4 Table of zoht . aſcenſions 
and declinations of about 7 4-fxrincipal fixed Stars, Clculated accord- 
ing to 'their/Longitudes and? Latitudes feb down 'by Tycho /rahe, 
Axuno 1600, With bras; far their-morion of Longitude, or 

| for. the proceſſion of the :£quinoxes for th year 1660 com- 
pleat. I have /alfs noted 33 what times of the year theſe Stars 
will b2 upon the Meridian at Four. of the Clock in the Morning, 
whereby you may cacily fon when they are in ſeaſon to be obſerved 
for finding the Latitude; by which-al(s you may conj=Rure their 
other times of being upon the Merichan. * For the Star which in any 
day propaſed.is upon the Meridian gt Four of the Clock in the Morn- 
ing, wil about mes 1 mn the Meridian at Three of the ' 
Clock in the Morning, and about a Month after at Two, cre. wherein 
alſo Marinyg;ſc! torhbglp themſches by their Cempals, _ 
- Ris nia, WE; 
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they ſee when the Sun or _ is near the Maidian. Such as defice 
the exact time of a Stars coming to the Meridian for any dayzmay ſub- 
ftra& che right aſcenſion of the Suy for that day from _ aſcenſi- 
on of the Star ( adding thereto, if need require, Twenty four hours ) 
the remainer ſhews how many, hours it will de after Noon, beſore the 
Star be upon the Meridian, 

The Suns right aſcenfion for any day, may be found by his declinati- 
on for that day, by the NEG of a right ſp cg wh 


as of the Triangle Y F Q, in the general of che 
Pter.af Spherical Triaigles. Butl have annexed an exat Table of 
the Suns right aſcenſion at the end. 


Alſo for the Stars neat the EquinoQtial, I have ſet down ( in this 
fourth Edition ) their Longitudes and Latitudes, that (o the Moons 
place may be diſcovered by her Longitude fram any of them, eſpe- 
cially being in her Ninetieth degree; whereby the Longitude of = 
ces. dn Sea or Land may be nearly gathered, For the performance | 


whereof, I intended ro have the Moons motion, and eo have 
ſer down the belt ways I have thought upon ; but other urgent occaſi- 
ons have hindred me. Notwi ,if you find by ſame: exa} 


Ephemerides the Moons true Longituc eat the time of obſervation, 
and obſerving with meet infiruments 'her Longitude from ſome of 
thoſe Stars, and withall the hour and minute of the Night ( which by 
the right aſcenſions and declinations of the Sun A: Stars ba be 
known ) you may neatly gather the difference of | ye 
which cauſes, Thought itnot —_— down. Tg 

and Lutitudes, and an exit F aieof ear cir 
Icanvotproſecute the reſt at "preſent 3: alſo by the Longitudes zud La- 
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2201. 332312. 47 
2101, $6 2.3:I 3.07 
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22 


22 
22 
22 
22 
22 
21 
23 
21 
21 
21 
21 
20 
20 
20 


22.02.4323/13. +47 
22 03. 13-06 2414.07 O71, 
22 03. 302 3/14. 4-262 

2 03: 1 EfN4-46} 
2204.17.23 
2 04-40 
23.04: 04-032 3 
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17 


13175-2578 


T.ig]22, 
pans 

6.3 
O6,12[:2 | 


7j,O5 Fej3 06. I2|2 : 
+ ap orgs IE 
{18/'O5, DF-04[23]06, C8123 
1304.41 23 


20 


s 
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_ \Decembe 


22-35 02]23-42 


> [22.54 C62 


dif deg. med 
(16123. I 0jO 

I 
Sreſugoao 
18.1 16,23.150 
IS. 32/15/23; +21, 3 
[18.4715'2 3.2. 2403 
19.02/1 5/2 3.27/02 
19. 17 14/23,2901 
I9. 311423. 3901 
19.45,14/2 3+ 31,00, 
19.5912 3,2 3-31 00. 
20.1211 3]2 3. 32.90 
20.25[12[2 3.31 9L 
20.37|1 2123. $3001; 
20.49j12]2 3.29 92 
21,01]11123.,2903 
21.12|11/2 3.24,03 
21,23j40]23.21j0 
21.33\10|23.1 
21,4.3102 3-I 510 
921. 21.5305 [2 3-T1;05 
[22,02 09/2 3.06 
22.1108 
22,1908 
22, 270d 


£122.42 06 
22.48 06 


2 3. -0005 
22 0Fo5 
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*” Orars 11 ar the qui Gal, or Declining to gs 
5o degrees. Their Longitudes , Lati- | | 
tudes, Right Aſcenſons, and Declinati- | © 
ous.. : An. Dom. 1660. compleat , with 
their Seaſons for obſervation. 
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Their Names. 
2 In the Whales tail the brighteſt [27,5 
2/In the girdle of Andromeda \V,25,41/25»59[t 24213 3»5 2|fuly 2 3 

In theWhales back the weltermoſRt Y.07,0 3/g S1 2,43|July 24 
311n th; Whales back Eaftermolt \V 11,3 | ; 
3j1n the Whales belly | 1717912919]: 3:45 B11,57|Aug.o; 
> {In the Rams horn the firſt  |V,28,2g]htÞ7,0d[23 470: 7,36|Anug.04 


al 21329 13813 9,37|Aug.23 


i  [£12,099[31,111 74537 g[08,38 Sept. 28 
LW | WI17,52Wo $,20[76z15|(z8,15/Sept. 30 
JOrions feft ſhoulder IE16,15S16,53[76,48 9Ottob. 1 
jFicſt in Orions girdle 17,4 3's 23,3817 8,4 SOR. 3 
$econd in Orions girdle 18,46 01,20/Oeb, 4 
Third in Orions girdle 19,589 5,21j80,57 02,15/O8ob, 5 
Fagoners right ſhoulder T2 5,20 Oftob. 8 
ions right ſhoulder 124,049: Ofob. g] 


The great Dogs forefoot 
Is the bright foot of the Twins 


PE. 1 7 


<=. 


The l-flec Dos * © 
[1 the lower'tzad Pollux * 
Hydra's heart | 
Lyons heart —- 

Lyons neck 

Lyons back 

Lyons tail - 

Virgins ſpike 

Ar&urus 

South ballance 

Nortk ballance 

2\[nthe Crown the brighteſt 
1\Scorpions heart 

3\[n Ophiucas right foot = 
1.[nthe Harp the brighteſt , 
2|Eaoles heart, alias Vultures 
3]Dolphins tall | 
2/In the Swans tail 
2\Water-pourers leg. 

I wr 4 g 

* | 2|[n Pegaſus leg 

. 2|In Pegaſus ſhoulder _ 

To The head of Andromeda 
-2.1n Pegaſus wing, the laſt 


_—_—_ 
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, Car a ret PU ER BEE gs CE bonds, HIGH | d 3 — « 
BS} ' | Long. |LaticyR, Aſe. |Decli.|Seaſon 
| Their Names. . (Cong. | [Lar1e4R. Aſe.| 1Decl, | 

R| V 'O bs. 3 | [5 m. d. mjd.. m. 1. m.!. 


[n the upper head of th2 twins Caſtor; 1 $23 307 0,02 
p tg 1083 Ak 

18,35lfo 
$22337 $22,324 


< ESR... 


{$2 F,09 


M2 5,42[3 5747027), 
NE23 $135 9203 13,78 


-238[111,10 | 


00,26 


38,32] 4pr. : 
no8,0 31A 
N{z0,13[Mfapn 


N.04,3 . 
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In the great Beats fide 
In the great Bears back. 
Inthe great Bears thigh. 
In Dragons tail, the laſt but one 
In'the great Beats.cump 
Between her tail and the Lyons 
Eirft in.the great Bears tail 
| The midatemek i in her tail 
th the end'of her Fall , 
ln-the 'bendins-of Dravons tai 
The foremoſt ouard 
The hindermoii ouard 
In Dragons head foremoſt 
In Dragons head hindermoſt 
In Cepheus s eIrdle 
3 | In Cepheus left foot 


3. In the back of Caſſiopeias chair bs 


m. d. m.\d. m. 


0140, 37 


64,15 


and Diftance 


;\Decli. |D Diftans S caſen: 


54342 —_ 8/Jul. Is 
87,31102,29/Jal.18 


[915.413 2,00/Jot. 19 


F8,2-7|3193 3)J#4. 26 
61 259128 O1I|Awg.2 
F$2,09137,51;Aw. 20 
5.8,14131,49 Þce.20 
63,3426, _—_— 


5 $53 5134125 Fav. 
&h. :2p6 


71337/18,23 

5 po ,06;Jan, 7 
92 37en, I6 
57350 Res I6 
$6,43'3317 Jan, 24 


FI,03 38,5772. 30 


; 65359 24,01, 'Feb. 5 


7533814,22 Feb. 19 
73z18j16,4.2 Feb. 28 
52335137325 Apr. I 
$1,37138.23|Apr. 9 
69,00120,59'Jun, 2 
25,16|Jun. 15 


5731 8]32,42 | J#l.; 081 'O8 


Rules 


Rules for- finding- the Latitude or Poles elevitiox' by tht novlfhy uns. 
# gps + of the Mt or. Stars, and. by the Table of "hee Dechinations 
| beforegoing. 
' Caſe 1. If 'the Sunor Stars be on the Meridian to the Southwards, 
and have South declination, | _ X 
/  Addthe Suris declination to/ his meridian alrityde; and taking that 
tofal from 90 degrees, the remainder is the Latitude,or the Poles cle- 
'vation Northerly, | 
' As admitupon the xo of Fannery, 1649, 1 find dy the foregoing 


'Tablzs, The Snns declination Southerly 20 deg..00', 
| The Suns meridian altitude by obſeryation os 52 55. 
The ſum or total is ; 9-5 5 
Which ſubſtrated from =_ Las. 

| There remains the Latitude Northerly Ry” ”" 05. 


But when you have added the Suns declination to.his meridian alti- 
tude, if the total exceed yo deg. ſubſtrat from it 90 deg, and the re- 
mainder is your Laritude to the Southwards,.-., '.., | 


As admit the Sung declivation tobe Seutherly. 20 deg. 111. 
The meridian altitude by obſervation +, 70 35- 
The ſum or total is __ :+.3:165:46:00-L.- 96, 
From which ſubftraRing 4 1 ©; 06 *.:.66, 


There remains-the Latitude Southerly + -00- 46. 
Caſe 2. If the Sun or Star be on the Meridian th the Seuthwards , 
and have North declination. , £11 
SubftraR the Suns declination from his meridian altitude , and that 
which remains,ſubtra& from 90 deg. then that which remains, is your 
Latitude or Elevation Northerly. EST 
Agadmit upen the 20 of April, 1649, Lind . RE 
The Suns declination Northerly ' IF dep. or. 
The meridian altitude by obſervation 6 22. 


The remainder,ſubftraRing the declination,is 4 21. 
9 


Which ſubſtraQed from 60. 
" Thereremains the Latitude Northerly ' " :: <0. 3 .-.3 
Cafe. 3. If the Sunor Star be on the Meridian to the Northwards , 
and have North declination. pO 
Add the Suns declination to his meridianaltitude, that total take 
from 90 deg. and the remainer is your Latityde Southerly, or the Ele- 
vation of the South Pole, - -  -- © 


But. 


es 
> #8 


hi ian af. 
nn = 


Mrs at Nyen, nl have South de- 


vm hs meridn inude and that 
than that which remains is 


(et ſt divers eds wayes, but ſet 
Gidef 1 Sun, is alſo to be underſtood 


pins 


I.4s Pp! "10 


F \ta.che: EM a the tr beth. mw y 1" 6 
ra&ÞEhis <0 lan altitude from go degrees, and the. remainer 


Jaw chanc hp when the Sun or Star is is the Zenith, 

recs tbe Horizon. 

> 4 Table for the "declination of the Suv, or of that Star, 
andthe, ſameis your 


.3Hf the Swn c NW ani: beneath the Pole. 
= be within the artick or ahrartick circle, andobferve the Sun 
R. meridian under the Pole, ſubſiraR the” Surs declination from 
=> br nomay the remainer is the Suns Uiftance from the Pole , which 
. diftznce added to big merichav altitnde; the: ſutn:ob torab is your Lati 
tude.or:\Poles.dlevation. : -- 

And the like is to be etiood of the Stars 3 3 for” which | cauſe 
wouching thoſe Stars that are near the Pole, we have exprefſed in the 
foregoing Table, the complements of their Declivations, that Is,thelr 
difiances from the North-pole. 

If therefore you obſerve any of theſe Stars! upon the meridian be- 
neath the Pole : add to its meridianaltitude' found by:obſervation, his * 
diſtance from the Pole, the total is the devation of the North- pole, 
or your Latitude Northerly. 

"Tf you, obſerve any -of thoſe Stars: upon "the meridian above the 
Pol z then from the meridian altitude of that Star ſubſiraR- his di- 
2» from the Poſe ;-the \remainer is the height of the North: pole. 

js WR out of "the Stars diſtance from the Pole, { dtrat his mezidian al- 
; - 'tituce, the remainer is zonr Latitude ſoutherly, - 
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The Epilogue, or Concluſion; 


J” handling the Dattrine of Triangles, 1 beaue not ſet down al! 
that 14. bas this d have-chigfly endevorr ediuecerding to my 
ſlender ability, namely, ts found it upon ſuch Avroms, momrgh: Le 
few in number, caſie for mimory, ready \to-prathiſe, and conſonart 
tothe nature of Logarithms : yet ſo, as they might alſo direlt the 
operations by natural fines, tangents and ſtems, and likewiſe by 
infiraments. I[nthe demonſtration of thrſe eAxionss, [ have labous+ 
red-to be brief and periþicnous. Indeducing the-caſes;from them, 1 
have opened the method hew it ts done, and of all the queſtions 1n> 
cident w every caſe, whereby the Reader may recerve the like in any 
triangle propoſed. The Examples. I have ſet down i» ſuch ſort as 
might beft manifeſt the operation, and be a moſt rendy way of pra- 
as The application 1 have partly ſhexedin handling the caſes, 
but further 11 @, {ubjeft whereis' all rhe problemes of plam and [phe- 
rical triangles may aptly, ordinarily, and: to. good þ vm ſed. 
The Tab'es 1 have ſo ordered, as 1 thoaght mr ght -be moſt eaſit and 
readie for ordinary nſe,according tothe mtthon 1 bave uſed. _ 
varieties that might have been ſhewed, 1 have purpoſely oms;1ted, 
that 1 might not ſeem tedions, As 1 have (hewed from one. ground 
how to relehey all the caſes and queſtions of a plain right angled tri- 
angle «5 bath been uſual before, Whereas for the fibres where the 
bf, and + ——__ are given, to find che hypotheunſal : M. Briggs 
bath ſhened amore peculiar way, in. his Arithmetica Logarithmica, 
chap. 1'9.. Sol;khewiſe [ have ſhewed the reſolution of the twelfth 
caſe, {where three ſides of anoblique triangle are given -- to find 
an angle) 'by an Axiom brief, cape, and the fame ineffetth c 
hath been long nſed for that puryoſe : wherens it might have been 
done, and that peraduenture a lutle mere ſpeedily, by ſuch a way as 
may be gathered "x" Mr, Briggs his Arithmetica Logarithmica , 
Chap. 18. though he do nat exyreſl handle it. But then I con- 
cerved the rule would not have been ſo eaſie for memory, nor ſo ap- 
mole. inſtrumental. operations, which 1- intended briefly totouch, 
ij other occaſiozs bad not hindred. Yet ſince underſtanding it would 
have been acceptable to diverſe, and being very ap: for the Arithme- 
tical work, I have thought good here to place it. 


#4 


He 


.18.ſeQ. 3 and 5 having the 
the Semidieameter of the 

| s this, or to this effect. 

 fventy from half the perimeter, 


B. As half the perimeter ' 

_ -C. toone of the cemainers 
DF, fo is the reRangle of the. other two 
GG. to the ſquere of the ſemidiamerer of the inſcribed 
circk.. 


ſecondly; 
C.. As one of theforeſaid remainers 
G. to the Semidiameter of the inſcribed circle 
. R. fo is Radius, 
KY A. to the tangent” of half the angle oppoſite to that re- 
mainer, theſe he hath there demonſtrated, 
By the firſt of theſe it.isevident, thatAs BtoC, ſois DEF 
tw GG ; and multiplying the firſt and ſecond by the ſcond, As 
, 'BCtSCC, ſois DF toGG : Andalternately As BC to D F, ſois 
| BR to. AA. - 
at 1s, 


' BC. As the recanole of ba the pe:imeter in one of the 
foreſaid-remainers ; 

DF. is to the reQanele- of the other two remainers ; 

RR. ſois the ſquare of Radius, 

AA. tothe ſquare of the rangent of half the angle oppo- 

ite to that firſt remainer. | 
Thus being limited, that I cannot conveniently in this 
place demonſtrate by words at large,this Algebraical'de- 
duQtion and demenftration may ſuffice, whi chto the lear- 
| ned in that kind will not beobſcure : Hence then, 


EY 


The three ſides of 4 on riengle being given; we way: find 
ax) of the argles, * 


. a «\\ Mn 
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The Epilogue. 


Subſtra@ the three ſides ſeverally from half the perimeter ; 
'poting the remainers. Then to the complements arithmerical 
_ of half the perimeter, and of the remainer oppoſite to the an- 
gle required ; Add the” logarithms of the other two remainers, 
half the ſum of theſe four is #he tangent of half the angle op- 
pokite co that ficlt remainer, | cls 


Aslet ADE be the trian- 
ole whoſe three ſides are gi- 
ven. 


AE.1 89 2 And let there ah 
AD.156 >be requiced A. p21 
ED.o7s5 Sythe angle at D . 
Tie perimeter 420 
balf the perimeter 210 co. ar, 7.6777807 
. . CAE 189g remains 21. co. ar. $8.6777807 
_— AD 156 rem, 54 logar. 1.7323937 
_ * MOGGE Z BI) 075 rem. 135 logar. 2.1303337 
d. | . 20,21 82 888 
F2—O7 5 t:D. I 0.1091 444 


which doubled is 104—1 5 the angle at D required, - 
Note, that the fide oppoſite to the angle required, which is 
here AE. x89 being ſubſtrated from half the perimeter 310, 
the remainer 21 is that which we have before called the remain- 
eroppofite to the angle required. 
2, Example. Let thzre be required the angle at E, 


Half the perimeter 210 co,ar, 7.6777807 
,- + CAD 1F6rem. 5 4 C0, ar, 8.2676063 
from which AE 189g rem. . 2Ilogar, I-J2322193 
ſubſtract EH 075 rem. 135 logar. 2.130327 

d, I9.3979490 

26—34 IJ 9.6989700 


34 K 
Which doubled is 53—08 the angle at E required, 


Now whereas 1 have bere,aud in ſundry places of this Book,cited 
Mr. Briggs bis Arithmetica Logirithmica, (left 1 may ſeems ro 


to abuſe the Reader ) you are to- underſtand net the Bock, put —_ 
Ew abvans 


OS. 


oz andrew bt them over to ſell, when the firſt wereunſold; ſo 
g thoſradd:tions which Mr. Briggs intended in his ſecond 

W ! ing out ſotye things, that were i» the 
firft, Ph ial moment. A 'prattice of wery ill conſe. 
ver, aud tending tothe great diſcomragement of ſack As take 
pains un this kind, - , 
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Page 6. tine 3. for 3; read 32. 1. 8. for niimber, r. that number: Page 
$1. 5. t. ChareReriſtical, 1. 19.T. xo,0000000, I. 26, for therefore, r. 
thereof. Page 11.1. ult. r. charaQteriſtick, Page 90. L 17. r. to the fine. 
Page 71.1. 4, for-190.r. roy. Pager 14-1. 34-1. 946699437. Page 148; 
Þ 3.2. for of parts, r. in parts. Page 153. 1. 29. r.. latitudes compl. is, Page, 
-26.3:1 27. for DB, r. DI. Page 1653. 1. 1, t, as far ſhot. 
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. Loparihm. 
Num Logariths. Num|Logerithes. Nom ego = Sy 
[6.050066 pn eds Bt 069308 107j2.0293838 
.2j0.3010300] 371F- IEMELY Zak 8623008 108;2.03342 37 
304771212 3611-5797 036 3 17] 109/2-0374265 
4[0.6020600| 39|1-5910546] 74 ww Lad, ma 9G 4H 106: 
$5999700] tonnes Fi Set] een t525E 
—610.7781512| 41[1.6127838 Le why os Kath apo. '7 
-1.8450980| 42[1.6232493 = _ 6 1230530504 
Ne el e219. 7oh.dpr00 
gſ9-954242 5] 441-64 34527 79]! 2 coca x3 4h6.otanetd 
10]1.0000000f - 45|I.6532125 - 9030900 TTY ont 0, 
"11[1.0413927| 4611.6627578] 81]1.9084850| 11 mav+ >; 
111.0413 927 4611 Sit g i234 1172 .0681858 
par un 42-075097 mon the $ 118|2.071882 
__ CO ry oy I19!12,.075546 
eo, ee oh ES 
en Zeeg nt Sn Sdn $2585: 
"1611. -2041200] FI[I.7075702 $6]1-93449 2 12212086359 
We tpi. 04s Bs ry tt 123|/2.0899051 
18]1-2552725] 53]1-7242759] 8811-9444 ool. r2413.097428 
r9[1-2787536] 5$411-7323937] 8g IR 123[3,096910 
20112070300) 551-740 3637] 99-9542 425) apo gnanee 
3113283195] 59]-7481880] 911 .9590414] 1260205370 
22[1.3424327] F7|1-7558748] 92 es 128]2.107209 
23]1.3617275] $5811.7634250] 93-9 pe - {abc mal 7 
2411.3802112| $59]1.7708520| 9411-973 _ ah Ins +7. 
1.3979400 60 1.771512 9 511-977723 — TIED 
| 291-4149733 pos ne tn 48 Mev eh 2260 
PAD ON En r33]2.123851 
1.4471580| 6311.7993495 is Yor pins tas <> 
2911.4623980| 641.8061 806| 9g9gft.995« 260 35121303337 
earner] rape ro are] 35 201 
31[1-4913617] 661.8195 439] 101]. cog3908 MT 
32]1-50F1500 671.8260748] 102]2.09 un Pphs pA ws 
33-5185 39] 681.8325089] 103 on ES 
3411-53147 89] 691.8388491 ny qpenſIe s.> 
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EE 
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{6 AS 24 


M1455 195 
2,1522883 


215,53 360 


bs 2,1613680 
21643528 
2.1673173 


2.1731862 
[2:1760912 


2[2.1818436 
2,13846914 
2.1875207 

2.1993317 
2.1931240 
£.1958996 
[2.1906571 
912.2013971 
2.2041200 
2.2068258 
2.2095I50 
2.2121876 
2.21484.38 
2.217439 
2.2201081 


2.225309} 


2.2 380461 


" Num 


2.1583625|' 


2,.1702617| 


[3-178979|| 1. 


2.2227164 


2,2278867| 
[2-2 304439 
2.232 9961| 
2.23552 84 


2.2405492| 


2:2 430380 


Logarithm. 
"176]2.2455126 
I 7 71242479732 
'1 7 $]2.2504200 
2,3528530 
22352725 


ey 


9 & tt 
" rnd 0. RS ES.” 
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2695129 
22718416 
*2741578 
2.276 4618 
2. -2787536 
2.2810333 
2,2833012 
2.2855573 
2.2878017 

2.2900346 
2.2922 561 
2.2944662 
2.2966652 
2.2988531 
2.3910300 
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SC 
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EY 


2.3031920 
2.30F3ZFIZ 
2.3074960 
20412.309630OI 
_20512.3117538 


——— 


21112,3242824 


214 


—y 


21 


| — 


— —— _  _ ——————_— 


21212,3263358 


213j2.3283796 
2.3304135 
215 
2. 3344537 
2.3364597 
2.3 394565 
2.3404441 
2.342.4226 
2+3443923 
2.34635 30 
2.3483048 
2,3592480 


2 2.4 
2 25]2-3521825|, 2 


217 
210 
2I9 
220 
221 
222 
223 


I——D— __—ron——_—_ _—c  ._ 


2062, 31 138672 
Do «3159703 
08;2.318063 3 


2092.3201403 
21012.3222193 


wo 1441; 
7 


2. 3560258| 
22 812.3579348| 
229]2-3598355 
230Þ-361 7278 
231[2+3635120| 


2 3212-3654880 
2 33123673559 
2.3692158 
513. 3710678 


2.324384 
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Num um Logarit bm, 


24612, $3909351 


247 
240 
249, 
IE 
251 
Hei 
253; 
2 54 


256 
257 
258 
th 
260 
261 
262 
263] 
264) 
265 
266 
267 
26 
269 
2.7 Of2 


243747483 
2.37 65770 
2.3783979 
2. 3802112 
2.38201 170 
24212382 $15 3 
24312.3856963 


24419-3973295 
2.5991650) 2 


2.3729820| 


271 
2 72 


2.3926969g 
2.3944517 
2.396199; 
23979429 
2.39967 37 
2.4014005 
2,4031205 
2.404337 
2.465402 


2-4082 39g 


2.49 99331 
2.4116197 
$.413299] 
24149733 
2. 2.466405 
2441-83017 
2.4199557 
2.4216039 
2-42 32459 
2.4248816 
2.4265112 
2.42 81346 
2.4297527 

2 .4313637 
3.432959} 


(2.434569 


2.4361626 
244377505 


$(2+4393327 


2.440909! 


2.4424797; | 


2.4440445 
2.445 6042 
2.1471 580 


| 


Culiliad:nh 


Num 


2.4502491]} 


2.4517864 


12+4533105 
454844 


2.4563660 


2.4578819 
288|.4593925 ' 


2.4608978 


2.4638930 


2.4668676 
2.4633473 


2-4712917 
12-4727564 
244742162 
2-4756712 


oÞ2-4771212 


2.475665 
2.4800065g 
2.4314426 
2.4828736 


2-4857214 
2.4871 384 
2.4885507 
2.4399585 


22-4913617 
2.4927604| 


2+4941 546 
$:495 5447 
es 


2.493105 


2-462 398C 


2.465382 8|: 


dont nokay B 


2.4842 998] 


321; 


[>-515873d 


[2 te avs - ie 


Lo gerithm. 
2.4996871 
Z.y01059g93 
2.50242 71 
2.5937907 


2-5051 Fool. 


2,5065050 
2.597 8559 
2.509202F 
2.5195450 


2.51 10833] 


2.51 32176 
2.5145477 


2.F17I 959 


2.522 4442 
2.52 37464 


2.5263393 
2.5276299 
2.52 89167 


32.5 ZoIlg9g7 


to 


-2327544 
+5 349261 
5352941 
F365584 
F376 00 
+5 390761 
5403295 
F413 797 


Logarithm, 


2.5453 3071 
2.5465426 
2.5471747 
2.5 490033 
2.5502283 


I — — — 


2.5514500 
2.5526682 


2.55 3853© 


2-5 563033 
2.557 5072 
2.5587086 


2.55 99066 
2.5611014 


Ed] wid hebess 


IEIBGEN], 220 


2.531479] 375 


5428254 


te 4<w tt t- 


.5 44068: 


2.563401C 
2.5646661 


12.5658478 
2.5670263| 
2.568201 7 


2.569373 


2.5751870 
2.5763413 
2.5774918 


2.5 809250 
2 5820634 


312.5831996 


2.5843312 


2.5554607 


2.5550944|. 


2.3793429] 
2.5717088|' 
2.57287 16| 
25749315] 


2.5786392]| 
j2-5797836 


3 87]2-587711c 


388 


» 


12-5932862 


0515974550) 


roj2 6127838] 


Cogaric bm. 
2, F86F $72 


2.58833175 
2,5899496| 
— 
2.5921767] 


25943925 
2.595496? 
2-5965971 
2.5976952 

2.593799 
2.5998831 
2.6009729 
2.602050 

2.603144 

2.6042 26c| 
2.6053050| 
2.5063813 


2-6o85260 
2.6095944 
2.6106602| 
2.611 72331 


2,6159500 
2.617000J 
2.6180481 
2.619093 3) 
2.6201 360 
2.6211763 
2.6222140 


2.62 32493 


A 83 


EINE 
2.6253124|! 


' 42.2 


Cu1kllAas:Tt 


42312-636340 
42.42 63273657) 45 
| 42 F]Þ- 2-62 83589] 


426j2 2.6294096 


42772 


4:3 .63t4438| , 


5 97 
| 430348 


16324573 
2.63345 34] - 


43i|- 2-6344773| 3 


432 


6354337 


433636487 

4342.6374897 
435[2-6384892 
"4362-6394865 
43712-6404814 
438[2.6414741 
439126424645 
034537 
441]2-6444386] 4 
442]2-6454223 
4432-64640 37 
4442-6473830 
_445j2-6483600 


; 44612 
447 
448, 


6493348 


2.650307 
a 0-46 


449,3-6522463 


| 4502 


-6532125| 


45112-65417 
765 
452]2.6551 384 


45 


6560982 


4542-6570 
4 3 $ 
4552565 801 ox 


1) Cogarithes. 'Num 


45712-6599162 
wy 2 4>vu $444 


46 43. 65irto 


470 2 .6720978 


47 132+ 1.6730209 
47 213-67 39420 
47 3\2-6748611 
474 2-6757783 
475|2:6766935 
4762.6776069 
477,2-6785184 
4782. vi Ae 
4792-6503355 
4802. 2.6812412 
48112. 2.68214 
482 2. pt 
4832.6839471 
4842-6848453 
485 2-6857417 
486/2. 6866333 
4872. 6875289 
4382, 6854198 


490'2. .6901 961 


— 


mr ONS Oh. At. A. © Nt. 2 CAT | 


GC 3#34149 -h 


412+7$12791 
[7330008 £ 


gf2.7626785 


Logarithns. 


RL pb rciigte 


611207499628 
2.7497 363 
2-7505084 


2.7528164 
2.7535830 
2.7543483 
2.7T5SII2 3 


2.7573960 
2,7581546 
2.7539119 
2.7596678 
2.7604225 
2.7611758 
2,7619278 


2, 2.76342 50 
112+ 2.7641761 
2,7649230 
2.7656685 
2.7664128 


_$90]3-7708520 


202.772.3217 


_$9512.7745169 


2.7678976 
2,7686381 
2.7693773 
2.770115} 


2,7715875 


% 17 JF? 
2.7737 054 


£14) 43) be Bak 


| Logarichm. 
2.]7532452 
2.77 59743 
IP FO 
2.77 74268 
2.77 'OIFI2 
2.7788745 
27795965 
2.7803173 
2.7810369 
2.78175 54 
247824726 
2.7831887 
2.78390 36 
2.7846173 
2.7853298 
2 .7860412 
2.7867514 
2.7874505 
2.7 881684 


616j2+7595807 
2.7902851 
2.7909885 
2.7916906 


:2.79ZO9IG 
2.7937904 
2.7944880 
62427951546 
2.795 880c 


6262.7965743] + 


627]2.7972675 
62812.7979595 
62.912. 7986506 
6392.7993405 


2-7888751 


2-7923917| 6 


632 
634 


6362 


637 
630 


640/2 
641 
6 42 
$43 
644 
645 


665 


6331 


Num|£o garithm. 
63 :112.8000293 


2.8007171 
2.8014037 
2.8020092 


Ca 8027737 


8054571 


2.8041 394 
2,8048206 


639]2- .005500d 


2.8061800 
2. 2 .8068580| 6 
2.8075350 
2.8082110C 
2,.8085859 
2.3095 597 
248102325 
2.810904 3 
2.011575% 
2.0122447 
2.812913; 
2.813581 
2.8142476 
2.8149132 


[2.8 $169038 


25175654 
2.819225 
2.8188854 
+ .5195439]_s 
2.8202014 
2.8208580 
2.8215135 


66412.8221681 


2.3822$216 


Num Logars hm. 


—  — oz 


9| 693 


_— — — — 


6662.8234742! 
667 2.8241258 
6682. 8247765 
669 $254261 
670 2.8260748 


2.86267225 
572 2.8273693 
673j2. 8280154 
674 2.8236599 
675 2, .8293038 
6762. :.8299467 
6772+ .$305 887, 
CpC/2.038 2297 
679;2. .$8318698 
680 2.8325089 


——_—_— 


681/2.8331471 
682/2. $337844 
683/2 .$ 344207 
684 2+ $350561 


636 2. $8363241 
687,2.8369567 
688.2 .8375 084 
6392 .839d2192| 
_699/2.5388491] 
691;2.83 94780 
69212. 8401061 
2.84073 32 
694128413595 
695]2-d 
696 2 
69712 
6982. 

2 


—_—— 


69912. 
20012. 


A a3 


714 
LEY 
716 
717 
718 
719 

720 
"721 
722 
723 


11/2:851 
712 :$52:4850 
713]-8530895 


Se 74 2.3698182| * 


.8536982> 
2-854306c 
2.8549134 
2.8555191 
2.8561244 
2.8567289 
2.857 3325 
2.8579353 


2.8585372 
2.859138; 


72.4 


_725Þ- 2.38603 380 


2. 3597387 


| 727 
728 


| 726, 


2.8621314 
2. $627275 


2. 2.8633228 


2.864511] 
2.8651041 


734 


735 


12.8662 87 ; 


2.865 6960 


756 


755] 


2.8609 366| - 
ps -$615344 


2.86391 74] 


742[2.87540939 
743[>-8709888 
74412.8715729 


586444 1”7 2-388741c 
(799 TP 177512. og BL 


2.8909796 
2.8915374 


74848721563 
746 
747 
748 
749 


2.8733206 
2 8739016 
2.8744818 
2.8750613 


— —_— __——_ — 


756399 
:.8762178 
:.8 767950 

8773713 


751]? 
T$S2 
F993 
754]: 


2.8785218 
2.8790959 


756 


:.8727388| - 


+$779469 


[2.8 5948696 


1]2.+ 8926510 


2.8976271 


4]2-8998205' 
9 $]2-9003671 


2 2.90471 FF 


2.8920946 


2.8932067 
2.8937518 
2.59943r61 
28954225 
2.8959747 
2.8965262 
2.8970770 


6 28981765 
2.8987252 
2.8992 732 


2.9009131 
2.901458} 
2.99020029 
2.902556 
Mm 2.9030g90cO 


2.$036325 
2 9041744 


2.9052560 


2.90 W959 


2. 9090208 
2:9095F560 
31-+-9100g0g5 
2.9106244 
2-911T576 
2.911690; 
2.9122220 
SeD127$33 
2.91 32839 
2.9138$138 
$e91. 43431 
2.91 48718 
2.915 399d 
2.9159272 
EP: $2045 29 
2.9169800 
2.9175055 
2.9180303 
2.9185545 
2.9190781 
2.9196010 
832/2.,9201233 
$33!/2,9206450 
0342 $arhs = 


s- ? 6:2 TE 
S 372+ 29227254 
3 3812.92 32440 
$391j2.9237620 
84012,92 4279} 


dn <a. me, bo. te. . Wy WF YW Ty /=y-<= wYyY GW 7” 


Culllias I, 


(Null; Log arirhms. 


209247960 
2.925 3121 
2.9258276 
2,9263424 
2.9268567 
2.927 3794 
2.92700 34 
2.9283958 
12-92 89077 
2.929418 


Logarithns. 
8761]2.942 5041 
$77]2.9429996 
2.9434945 
2.9439889 
0]2:9444 537 
249449759 
$82j2.9454686 
2.945 9607 
8842. 9404533 


DTC—_ ——— — — 


2-9299296 
2.9394396 
2.9309490 


85412-93145379 
p30 g06t 


2.9324738 
2.9329808 
2.933473 
2.9339932 


2.9350031 
2.9355073 
2-9360108 


86412-93651 37 


2.9370162 


867 


69 
| $870 
( $51 
| 872 
873 


2.9375179 
2.9380191 


_ 2.9385197 


2.9390190 
2.9395192 
2.9400181 
2.9405165 
2.9410142 
2.941FI14 


Dt: 


2.9344984] 8 


2.9420080 


2+:9474337 
2.9479236 
3-9484130 
889 2.9489018 


_$90Þ.+9493990 


89114-9498777 
2.9593648 
2.95083514 
$894/2+9513375 

RACLSEN 
896|--9523080 

9527924 
2.95 32763 
$899/2-95 37597 
9002-9 542425 
3.95 47248 
2.9552065 
90312.9556877 
904,2-9551684 


905[2.9566486 


9062.9571282 
99712.95 7607 
90812.95 80858 


Num |Logarithw. 


gI12.9595 184 
912 2.959994 
91 32. 9504708 
9142. 9609462 


|Logarithm. 
2.9758g11 
2.9763500 
S SY GTOLY 

2.97 72662 


909 2.95$5539 
910 2.959041 4 


9n5 


29614211 


916, 
917, 
918 
g19 
929 
g21 
922 
923 
924 


925 


926 
927 
928 
929 


_ 9302.9 


931 
932 
933 
934 
935 


2,9618955 


2.962 3693 
2.962 8427 


j2-9533155 
2.9637878] 955 


2.9642596 
2.9647 308 
2.9652017 
2,9656720 
2.9661417 


mm—_  — — 


2.9666110 
2.9670797 
2.96754350 
2.9680157 


2.9639497 
2.9694159 
2.9698016 
2-9703470 
32.9708116 


$0]2.97772.36 


2.9781 805 
2.9786369 


2,9790929] 


2.9795484 
, 2.9800034 
2.9804579 

2 .9809119 
2.98 I 3655 
2.981 8185 
2-9832702 
2.952,7234 
2-9331750 


964 


966 
967 


968, 


969' 


970 


 9648-9840770 
9652-9 345273 


2 98 36263 


2.9349771 
2.9054265 
2.9958753 
2.9863235 
Wm 


936 
937 
938 
939 
940 
941 
942 
943 
944 


2.9712758 
2.9717396 
2.9722028 
2.97236656 
2.9731278 
os; .9735896 
2.9740509 
2.9745117 
2.9749720 


| 


943 


2.9754318 


971 
972 
973 
974 
975 
976 
977|2 
978 


2.9572192 
2.9576663 
2.9881128 
I.9585589 
2, 9390045 


2.98 94499 
2 .9898946 
2.9903388 


} 


9 791? 
9 80 


2.9907 827 
2.991 2261 


Aa + 


» +. 
49. 
FRE 
7 # '9 
"0 
47 


US 
| 988, 
| 98g, 
_990, 


994 
| 995 
| 996 


32-9925 53518 


Cuarliia '$' 2. 


3-20 86002! 


317 ofL 9460.35:00009 937 2051 
4 22. 992x1k5 17,3007 3209 
$.3.0077478 
Long, 3-0081 742 1054]3 
4362/1 £920, 


Io52 


8053 


[TOF 5|3 


2.994371 
2.9947569 
'2.9951963 
2.9956352 


9912+ +29960736 
992/2- 29965117]|i 
993/2-9909492 


2. 9973964 


2.99782 311 


2. 99825 F935 
2.9936951 
2.999130cC5 

2.9995655 

3-0 :0000000 


3-0004 341 


:13-0008677 


3-0OI ZOOg 


3-0017337 
3-002166k 


LO2ZL 
IO22 


[024 


1026 
0271]3-0115704- 


3-.0025930 
3.0030295 
3.00 34605 
3-0038912 


$-0047511 
3-00FI 805 


3-005 6094 


3-0043214 

1046 
I047 
1048 


2004p: 0060379 


0064660 


3-0294509 
3-0093756 
3.0102999 


3.OIII473 


3.0119931 
J-0124154 
3.0128372 
3;0132587 
3-0136797 
3.0141003 
J-0145205 


35/391 494931 


3-013 3597 
3.0157787 
3-.0161973 
3-0166155 


a: oe oct } 7-1 how 


$+0174507 
3.0178677 
3-018284 3 
3.0187005 


+$]3-QI9I1TG3 
3-QA195317 


3.0199467 
3.020361 3 


1 049;3.0207755 
1050| 


3.0211893 


3-20902 57, 


3.01072.39] 


1056|3 


$13-927 3492 


7513-03 14085 


0013-03342 37 


3-0216027 
3-0220157 
3.02242 54 

.02 20406 


2b d 5 hes þ 


3.0236639 
713.0240 7F50 
3.0244357 
3.0248960 


bimfie? XD Þ git 


30257154 
J.0261245 
3-0265333 
Jo0269416 


30277572 
3.0281644 


3.0285712 
3.0289777 


3.0297895 
3.03z01948 
3-0305997 
3.0310043 


um | Logarichm | 


Loaganec:r 


3.0318124 
3-2322157 
3-0326188 
3.0330214 


3.0338257 
3.0342273 
3.03462 34 
3-0350293 


11713 
1118 
Iilg 


[3.040602 } 


|Logarithes | 
3. 0358298 

3-29362295 
3-03662 8 
3-037027g 
23740 
0378247 
3. Phe 764-4 
3-0386201 
3-0390173 
30394141 
3-0398105 
3.0402066 


SOGOPF77 
Edo 1 > an? 
3-0417873 
3-042181 

30425755 
3-0429691 
3-04353923 
3+.0437F5E 
3-0441476| 
3-0445 398 
'L 0449315 
3:045 3239) 
3-0457140 
3.0451048 
3.0464952 
5-0468852| 
3-0472749 
3.047664 
3-0480532 
3.0484418 
3.048801 


3.0354297 


I120 


J © 4921 50] 


——_—_——AZ% cw . 


Calllas 2. 


Nom 


1131 
1122 
1123 
1124 
II25 
1126 
1127 
1128 
1129 
1130 


. [1132 


1131 


1133 
1134 
72735 


3-0593797 
3-0507663 
3-05T11525 
3.0515384 
3-2519239 
3.0523091 
3.0526939 
IR ELd ban 
3.0534626 


3-0542299 


Logarithm. 


3.049605 65| 
3-049992 


3.0538464 


3.0546130 


3.9549958|1170 


1136 
1137 
1138 


1139 
1140 


3-0553783 
3.05 57604 
3.0561423 
3.0565237 
3.0569048 


$]3-2663259 


Logarithns. 


3.06408 34: 


3 .0648322 
3.0652061 
3.9655797 
3.06595 30 


3-0666985 
3.0670708 
3-0674438 
3,0678145 


3.069y6681 
3-0700379 


3.06445 80 


"© 3.068185gſ12 


Num 


1141 
I142 
1143 
1144 
1145 
1146 
1147/3 
1148 
t149 
1150 
1151 
II52 
1153 
Ilf4 


3.0572856 
3,0576661 
3.0580462j51178 
3-0584260 1179 
3-0588055j1180 
3-29591$46 1181 
3 05956341 I 82 
3.0599419,1183 
3.0603200 118413 
3.9506978[1185 


| — @ TC — — —— | —— 


3-0610753[1186 
3.0614525|1187 
3.0618293[1188 
3-2622058 118g 


ed } 


3.0625820!1190 


3-0704073 
3-07 07765 
3.07I1453 
3.0715138 
3-0718820 
30722499 
3-0726175 
3.0729847 

3-0733517 
3.0737183 
30740847 
3-0744507 
3.0748164 
3-0751818 


1219 
1220 
1221 
I222 
I223 
1224 


3.07591II 

3.0762752 
3.0766404 
3.077004 3 


3:9773679 


3-0777312 
3.07 80941 
3.0784568 
3.0788192 
3 0791812 


3-0795430 
3-07 99045 
3.0802656 
3.0806265 
3-2809870 
3.0813473 
3.0817073 
3.0820669 
3.082 4263 
3.0327854 


1226 
1227 
1228 
1229 
I230 
I231 
1232 
I233 
I234 
1225 
236 
1237 
1238 
1239 
I 240 


[a gorrſera Logariches. 
8 


3-0884905 
3-0838446 
3-0891 984 
3.0895519 
3.0899051 
3.0902580 
3.0996107 
3.0909631 
3-0gITZIFI 
$13-091666g 
3.0920185 
$.3992 3696 
3.092 7206 
3-09307 12 
3.90934217 


I 241 


3-0937718 


1 242 
1243 


bend 


3.0831441j12 


1245 


3.0941216 
3.0944711 
3-09948204 


124 


1 5]3-08457631250 


3.087071211257 


3-0835026,1247 
3.0338608,1248 
3-0842187 1249 


30849336 1251 
3.08529061252 
3.0856473,1253 


3.08635981255 


nw —_ — y_——— 


3.0867156 1256 


3,.08742641258} 


3.0860037 1254 


3.097 LOPY 
3.9955180 
3.02958664 
3.0962146, 
3-0965.624 
3-0969100 
3.0972573 
3-0976043 
3-097951I 
3.0982975 
30986437 
3-0989896 
3-0993353 
3.0996806 


3.08778141259 


30755470 


1225 


3.08813611126 


4 .IO000257 
ol3.1003705| 


CH1iIAs 2s 


$}3-LOO7LF1 
3-1010593 
JZ-I0140 33 
3-1017471 
3-I02090F 
3-1024337 
13-1927 766 
313.1031192 
3.1034616 
3.1038037 


(pram. 


Num 
—_ 

1296 
[297 
I298 


I299 
1300 


Log arichw. 


3.-I126050 
3-112940G 
3.1132 747 
JoT 1.36091 


3-113:943 3[c3 


301 
1 302 


3-1343773 


3-1146110 


303 
1304 
1305: 


SeLO4I455 
3.1044871 
3.10482 84 
3-Lo51694 
3-1055102 
3-1058507 
3-I061909 
3.1065308 
3.1968705 
3-1072100 


3086/3. 
t 307 
1308 
1309 
1310 
311 
13T2 


| 


131313. 
1314/3. 


L315 


3-I075491 
3.1078880 
3.1082266 
3-I085650 
3-1 089031 
3-1092410 
3.1095785 
3.I0g99IF9g 
3-Iloz52g 
3e1105897 
3-II09262 
3-2112625 
2 93{3-I415 985 
9413-111934 3 


3-1149444 
3-I152776 


Z-II5610F5 


3.1159432 
3-1162756 


3.1166077 
3-1169396 


pb gd 6 


3.£17602 7 


3.1179338[| 


3.1 189257 


I316 
1317 
£376 
T 35H 
1320 
1321 
1322 
1323 
I 324 
1325 
1326 
I327 
£328 
1329 


1330 . 


3$-I192559 


I350 
1351 
3-IIg958F58[|rt352 
3-tI99154|t353 
3.1 202 44d|1 354 
3.1205739]1355 


3-1209028jr 356 
3.121231 
3-1215598]I358 


3.12188380 
3-1222159 


3-1225431 
3.122870 


3-12319811r 363 


3.12352350 


1357 


1359 
1 360 


L361 
1362 


1364] 


[agerichee 


3-1287233 


3.1241780 
3J-1245042 
3.-1248301 
Z-I25I558 


3.I1254813|1 3 


3 1258064 
J126G1I314 
3-1254561 
3.1267 006; 
3.1271048 
3-1274288 
3-T2 77535 
3-1280760 
3.1283993 


3-1290450 
3-1293678 
3.1296899 
3.1300119 


3-1 3033303 


3.13055F3 
3-1309767 
$-1312970 
3-1316187 
3-1319393 
3-1322597 
3.1325798 
3.1328998 
Igobdtebt 4 
3-1335389 
3.1338581 
ZeE34TI771 
3-1344958 
313481 44 


Sk 


1387 


I 389 
of | An 
I391 
I 392 
I 393 
I 394 
I 395 
1396 
I 397 
L390 
1399} 


3.1351326 


I 37513. -1 383027 


3.1405080 


3.1411361 


I 38813.1423895 
3.1427022 
24402 
3-143 3271 


Logernetes, 
toe 
3-I357685 

3-1 36086; 
E I 364034 
3. 3.1 367206 
4 .I 370374 

$+-13735F41 
3-I1376705 
3.1379867 


g; 1386184 


3-I 389334 


3-1392492 
3-1395643 
3.1398791 
3-1401937 


3.140 8222 


3.141449 
3.t417632 
3.142 0765 


3-1435392 
361439511 
31442628 
3-14017 2" 
3.1448554 
3.1451964 


r 


3-745 507! 
3.1458177 


| 


1400 


3.1461280 


| 


| 


Cullias 2. 


3.1464381 
3-1457480 
3.1479577 
3-147 3671 


143113 
1432 
[433 


1435 


1416 


1434 


3.1479853 
3-1452941 
3.1486026 


3.149110 


3.1495270 
3.1498347 


3.1507564 


Ie Re > — 


3.1519824 
3.1522883 


3-1525941 


$3.15 FOJ22 
pt 2Þ-5 po 
1556396 
3.I559430 
3.1562 462 
3-I565491 


Logarithms, 


Eb Lign#} gs. 


3-Y501432, 
413-1504494 


1613-15105 32) 
1417]3-1513698 
1418|3-1516762 
. 11419 
1420 
1421; 
1422/3.1528996 
14233-1532049;1458 
14243-1535100 1459 
1425j3:1533149 
142513-1541195 
1427 3-1544240 
142813-1547282 
1429 
1430 


31568519 


1456 
1457 


1460! 


1461 
1462 


3-149219111445[3-159867c© 


713.1604685 


3.1613680 


Logarithm. N 


DD" — 


3-IF71544 
Zol 574568 
3.1577589 
}.1580608 


3+ 3-1586640 
3.158965 3 
3.1592663 
ZeI 595672 


Z-160163J3 


3.160786 
2.1610684 


3.1! 1583 3625114 


Legorwnent 

3.1676127 
3.1679078 
3.1682027 


3.1684975 
3.1687920 


Num 


1507, 
1508 
1505 
IFlo 


3-1616674 
3-1619666 
3-1622656 
3-1625644 
3-163 8630 
3.1631614 
3.1634595 
3-1637575 
3-164055 3 
das > hab 
3-1646502 
3-1649474 


1463 
1454 


1.465 
1467; 
1468 
146y 
1470 


146513 


3.155244} 
3.165F41rl 

3.1558376 
3-166134c 
3-1664301 
3.166 7260 
3.1670218 
3:167317; 


9013-1731 563 


3.1690863 
3.1693 805 


3.1696744 
3.16996 82 


>c|z 1702617 


ISI 
I512 
I513 


$2.37 


3.1705550 
;.1708482 


3]3-I71141H1 


3-1714339 
3-1717264 
3 1720188 
3.IT 223110 
qu 


3.1728947 
3.17 34776 
3-17 37688 
3.1740598 


3-1743506|1 


NR 


[503 
1504 
1505 


1749316 
2 t5£c2%4h 


5 
y ® 


$13.17 55118 


27.1758016 
3.176091 3 
3.1763807 
3.1765699 
3.1769590 
31772478 


3.1775 365 


1516 


IfFI9 
1520 
IS21 
1522 
192313 
324 
\1525 
I52 

Ig27 
1528 
F29 
1530 
1531 

1F532|3 
53 
1534 
1335 
1536 
(537 
IF38 


1540 


1506 


I514 


IFI7, 
1518: 


T5339}: 


Logarithm, 


3-1778250 
3-I7 81132 
3-1784013 
3.1786892 
3.179976s 
3-1792645 
3.1795518 
3.1798389 
3.1 801259 
31504126 


|—— —— 


3.1 806992 
3.1809852 
3.1812718 
3.13815578 
3. 1818436 
3 1821292 
3.18241 46 
$51 826999 
3-1829850 
3.1832698 
31335545 
313838390 
3.1841233 
3-18 44075 
31346914 
113-1849752 

.1852588 


I 


oſ3.185 5421 


3-185825; 
3-1861054 


Jo 1566739 
3.1869563 

1872366 
3.1875207| 


Curtains s. 


= 1543 : > 88360 


[134 
T5 46 
1547|3-1394993 
1548|3.1897709 
1549{3.1900FI4 
1 5$013-1903317 
I55113.1906118 
1552[3.1908917 
1553j3-I911714 
1554;3-1914510 
1555]3-1917394 
3-1920096 
3-1922 836 
3-1925674 
3.192 8461 
3-1931246 
3-1934029 
3-1936810 
$-1939590 
1564j3-1942367 
156513-194F143 


on 


I1566,3-1947917 
3.195 0698 
3.195 3460 
3-1956229 
3-195 8996 
| 3-1961762 
{15721[3-1964525 
Ie. $23(3-1957287 


1584 


1585 3.200229 3|1 


| v$77 3-1978317 


13-1981070 


1579: 1983821 
i580 1986571 
113-1989319 


3-1992065 


313.1994809 


3-1997552 


1586,3.3003032 
58 7]3-2005765 


15$$ 
1589 
1590, 
[591 
$56: 


3.2008505 
3-20T11239 
3-20T 3971 
3.2016702 
3-2019431 


I593{j3-2022158 


1594 
1595 


3-2024883 


3-2027607 


Iyf9 

1597 
598 
I599 
1600 
1601 
I602 
I603 
1604 
I605 
1606 
1607 
1608 


711 6: 


3-2030329 


3-203 3049 
3-2035768 


3-20 38485 


3.32041200 


3-2043913 
3.2046625 


3-2049335 
3.2052044 


3-2054750 


302057455 


3.2060159 
3-2062 869 


3.206556 


1640 


Num 
tGIT 
[612 
(Gr 3 
[614 
t6IF 
1616 
[617 
1518 
(619 
620 
(621 
[622 
1623 
1524 
[625 
I626 
627 
1628 
[629 
1630 
L631 
1632 
1633 
1634 
[535 
1636 
1637 
1638 
I639 


641 
1642 
1643 
1644 


m_|Logerrebus. 


—_—— QXO — — —_— 


3-20709535 
3-2073550 
3.20760 344 
3.20790 35 
3-2081725 
3-2084414 
3.2087100 
3.20897S5 
3.2092468 
3-20g9FI5JO 
3.209730 
3-2I100508 
3-2103185 
3.2105 860 
3-2108534 
Z«-2111205 
3-2113876 
3.2116544 
3.2119211 
3-2121 876 
J.2124540 
$+2I27201 
3.2129862 
3-2132521 


3.2137833 
3-2140487 
3.2143139 
3.2145789 


3.2151086 


3-2153732 
3.2156376 


3.2135175|16 


Num 


Logarith,, 


1646'3.2 2164298 


1647 
1648 
1649/3. 
1650 
1651 
1652 
I653 
1654 
1655 


3-2148435 


3+2159o018 


1645 


3.2161659 


32166936 
32109572 
3.21 72206 
3-217483g 
3+ 2177471 
3.21 80100! 
3-2186738/ 
32185355] 
3.218798 


3. «2190603 
32193225 
3-2I95 845 
Z-2198464 
3.220081 
3-2203696 
3.2206310 
3.2208921 
3.2211533 
3-22 14142 
3.2216750 
3-2219356 
3.2231960 
32224563 
3-2227165 
3-2229764 
Z-2232363 
302234959 
3-22 37555 
3-2240148 
3.22 43740 
3-2245331 
3.2247920 


3.22 FOFOT| 
3.2253093' 


72 $06116160/3.20682 5 


RIP... ASD: 44. 9% «3. _ A ©. A. a 8 AI” EG 


io OM Q.oofte 


——— — — 


—_— C— 


CnIlLlas 2. 


Num 


681 
682 
1683 
1684 
1685 


1686 


Logarithm. | 


—_ Ir __—_—_ —_—_— 


3-2255677 
3.2258260 
3.2260841 
3-2263421 


3.2268576 
3-2271151 


1687 


3.2265999]1720 


168813-2273724 
168913 3-2276296 
1690]3-2278867 
691132281436 
69213-2284004 
1693|3- 2286570 
16943-22891 34 
1695]3-2291697 


169613.22943258 


1697 
1698 
1699 
1700 


3.2296818 
3-22 99377 
3-2301934 
32394489 


Logarithms. 
3.2345173 
3-2347793 
3.23502 32 
1.2332759 
3-23 £53 04]27 


1722 
1723 
1724 
1725 


3.2357009 
3.2360331 
2.2362853 


3-2 365373 


3-23670g 1] 74 


1726 
1727 
1728 
1729 
1739 
1731 
I732 
1733 
1734 
1735 


3.2370408 
3-2372923 
32375437 
3-2377950O 
3.2 380461 
3.2382971 
3-2385479 
3.2387986 
3-2 390491 
3.2392 995 


I701 
1702 


3-2307043 


3-2 30959 


1703 
o ht 


1704 


3.2312146 
3.2314696 
3-231724+ 


| 


I7T1 
I712 
I713 
[714 


1706 
1707 
1708 
170g 
1710 


3.2319790 
303323 JF 
3.2324879 
3-2 327421 
3-2329961 
3-2332500 
3-2335038 


I736 


1741 
I 742 


I744 
I 74513:2 
Roa 
1747 


32337574 
3-2340108 


1715 


[1749 


173713: 


3-2395497 


Num 


I751 
I 752 
1753 


IZ5S 
1756 


1754 


Logarithm., 
2.2432 861 
3+2435341 
3.2437S19 
Jo-2440296 
32442771 
3+2445 245 


175713-2447718 
t758,3.2450189 


Num 
1786|3. 
[787 
1738 


LogaritÞw, 
3.2518815 
3-2521246 
3-2523675 ; 


e739) 
EPS 


3.2526103 
3.25285 30 


1791 
[792 
1793 


3.25 30956 
3.2533380 
3-2535803 


I 760, 


I762; 


I 766 
I767 
I768 
I 769 
I770 


I771 
1772 


1759, 


176113. 


173813» 
I739]3- 
1 74013.2495492 


1743]3* 


| —_— _— 


174813. 
3-2427898117 84 
175013.2430380[1755 


3.2452652 
3-2455127 
3-2457593 
3.2460059 


1763j3-2462523 
I 7643 
11765 


.2464986 


3-2 469907 
3-2472365 
3-2474823 
3.2477278 
32479733 
3-2482186 
Z-2484636 
3.2487087 
3-24895 36 


3-2494430 
3-249687 

3.2499318 
n 2501759 
3-2504200 


3.2506639 


3.2513948 


3.2 467447 


[7943-2538224 
1795/3-2549645 
179613-2543063 
l7973-2545481 
17983-2547897 
[799;3-2350312). 
Poe 3.+ 25020 
I S0113.2F55137 


i 802] 
1803 
1804 
r 305 
1806 


3-2557545 
3.23559957 
3-2562365 
3.2564772 
3-2567177 


18073 2569582] 


3:2491 984] 


3-2 FO 
3-2FII513j! 


3J-25163902 


3-2571984 
3-2574386| 
3-2576786| 
3.2579184 
3-255 1582 
3-2583978 
3-25 86373 


2593549 
IP LIP 
2,25 G932 2 


.2 60 20714 


3.2342641 


—_ 


—_ 
> th 


At »” Ta 7: b 
Ch 1 


CRHlIllas; 2. 


Nom 
11821 


1822 
1823 


3.26054 84 
3.2607 867 


reg Nupy 
3. 7 a6ozoghir8 $50 


1824 
182513- 


[3-2624511 


3-2610248 
2.9 
5613-261 5008 
3:2617385 
3.2619762 
3.2622137 


11853 
11354 


3.2626883 


3-2629255 
3-2631625 


1834 
1835 


183 6'3 


1838 
1339 


1842 


1 844 
I 8453 
1846 
i 847 
1 848 
1849 
bt 
ISI 
1852 


53-26 26363 Jour 


1837); 


1843 


3-2633993 


1357 
1858 
1859 
1860 
186k 
I 862 
1863 
1864 
1865 
1 $66 
1 867 
1868 
1869 


263 38727, 
BL 2641092) 
«rg te $8 
3.2645817, 


3.2652896 
3-2655253 
3-2657 609. 
3-2659964.18 
3.2662317 
3-266 4669 
3.2667020 
3.2669309 
3-267I717 
3-2674064 
3.2676410 
3.26787 54 


13709 
1871 
1872 
1973 
I 374 


1840 3+ 264817811875 
T84113.26505 3811876 


1877 
1878 
1879 
I 880 
1881 
1882 
1883 
1884 
1885 
I 886 
1887 
1888 


3.2681097 


i855 


3-258 3439! 


1889 


Logarichm., 


344 6857 437 $ 
3e2688 I19 
3.2690457 
3-2692794 
3-2695129 
32697464 
3-2699797 
3.2702128 
392704459 
3-270678Y 
3-2729116 
3.271143 


3.2716093 
3-271 8416 
3.2720738 
3.2723058 
3-2725370 
3.2727696 
3+27ZOOL3 
3-27323286 
32734543 
3-2736956 
3-2739268 
3-274157 
3-2743888 
3.2746196 
3.2748503 
3.2750809 
3:27 53113 
3-2755417 
3-2757719 
3.2760020 
3.2762320 


1890 


Num Logarithm. 
x 8913.4 2766915 
[$92]3.2769211 
( 893]3-277 1506]? 


3]. 992 
(3-2713769 


L894 
i995 
£896 
1.897 
i898 
I 599 


1 90o[3. 


I 901 


I903 
I 90413 
—_ 
I. 906 
I-90] 
1900 
I 909 
1910 
IQ11 
I912 
I913 
Ig914 
I915 
I916 
Ig917 
I91 0d 
I9Ig9 
1920 
1921 
1922 
1923 
1924 


3.2764618 


3-277 3 800 


Nym| Logarithm, 
1926/3. 3-284656] 
1927; 3-2 348817 

928 3.2851079 
1929 3.235 3322 


EEE | 


32779092 
3.2778383 
.2780673 
22732962 
mods 


I930 3 


11931 
I932 
1933 


hr x whe EY 
3$+2792105;1937 
3-2794388/19383 
Zo2 196069,1939 
32798950 
3.2801229 
3+2993507 
3-280578411943j3 
3-280805911944/3 
3-2810034 1945/3 


I 941 


I 940, 


1942/3.2 882492 


3.2955573 


by 

[3-255 7823 
12, 286007; 
25 200g 


O— _ _—— 


3-2871296 

-2 07 3538 
3.275778 
3o> 07 BOL 7 
3.2880255 


3.8384728 
3” 2886963 
2909196 


3.2812607.1946 
3-2814879 194713 
3.-2817150 1948/3 
3-28194191949 
3.2821688 1950 


3.282 3955/1951 
3-2826221|[1952 


3.232 8486 1953 
3-2830750 1954 
3.2833012/Ig955 
3-28352741956 
3-2837534 1957 
3.2839793|11958 
3-284205I(1959]}3 


1925 


3-35443 07115G601} 


3 .2891428 

,2 593659 
3.2895889 
3.3898118 
3-2900346 


113.2992573 
3-2904798 
3o2 907032 
3-2909246 
Et hh. ad 
3.2913688 
3-2915908| þ 
3.291812 

3-2920344} | 


«2922561 


Cnulllas 3. 


Num, Logarithm. 


— — OO _—_—__ —— 


3-2924776 
3.2926990 
3-2929203 
13.2931415 


3-2933026 


3-2935835 


3-293 8041 


132940251 


3.2942457 
3.2944662 
[3.2946866 
3.2949969 
3-2951271 
3-2953471 
3-295 5671 
3-2957869 
3-2960067 
3.296226} 
3-2954458 


I 984 
1985 
1986 
1987 
Ig988 
90g 
990 
991 
1992 
1993 
1994 
1995 


3.296884 5 
3.2971036 
3-2973227| 
3-2975417 


[3.2 2977605 


3-2979792 
3.2981979 
3-2984164 
3-2986348 
3.29855 31 
3-2990713 
3-2992593 


3.2997251 
3.29 9942992 


3.2995073| 


Num 


1996 
[997 
1996 


1999 


Logarithm. | 


3-3001605 
3-3003781 
3-300595F5 
3-3008128 


2000,3.3010 300 


2001 
2002 
2003 


3.3012471 


3. 3016809 


20043-3018977 
3-3021144[204c 


2005 
2 006 
2007 
2008 
2009 
2010 


— 


3.302 3309 
3-3925474 
3-3927637 
3-3929799 
:3Z-3ZO3ZIg961 


— —_—_—— _—— —_ 


cvenjn 4 43034121 


2012 
2013 
2014 
2015 
2016 
29017 
2018 


2019 


P9293 
uy 


13.3936280 
13-303 8438 
3-3040595 
33042751 
3+39244905 
3-304]059 
3-3949212 
3.30F1363 


13-3055663 
3.3057812 
3.3059959 
3.3062105 
3.396435 0 
3.3066 394 
3.30685 37 


13. 2070079 


O72 32O 
013.3074960 


30146412 


3-3053514]2 


Logarithm. 


Num 


3-3077099 
3+.30792 37 


3-3081374[2068 


3.3083509 


35]3-3235644 


3-3087778 
J 30839910 
3-3092042 
3.3094172 
3. 3096302 
3.309843c 
3-3100F57 
3-3102684 
3-3104809 
3-3106933 
3-3109056 
3-31T11178 
3.3113299 
3.3115420 
3-3117539 
3.3119657 
3+-3121774 
3-3123889 
3-3126004 
3: 3128118 


- BS... , 


"p +3Z130O23Z1 
3-3132343 
$-3134454 
3.3136553 
3-31338673 


——— ” — CO — — 


3.3140780 
3.3142887 


3133144992 


.3147097 


3.31492 00 


2066 
2067 


206g 
2070 
2071 
2072 
2073 
2074 
2075 
2076 


2087 


Logarithms. | 
3.3151303 
3-3153 405 
Ze31F550F 
3.3157605 
3. 3159703 
3.3161801 
3$.3163297 
3-3165993 
3.3168087 
3-3170181 


W"——— —_  — 


$-3172273 
$.31 74365 
3-317645F 
3-3178545 
3.3180633 
3.31 823721 
3-31 84807 
3.3186893 
3.31 88977 
3.3191061 
3-3193143 
3-3195224 


208d|3.3197 395 


208g 
om} An 


2091 
2092 


2095 


209313 


2096 


$099, 


3-31993 84 
3-3201463 
(3. 3203540 
3.320 F6t7 
.3207692 
3.3209767 
3-3211940 


| ens —— —— 


3-3213913 


209 A3.3215984 
2098|3-32130F5! 


343220124 


2100;3,3222198' 
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2104 
2105 
2106! 


- 


;Num, Logerichne, Num 
210113. 32.2426c 213 3-339601 2 
2102j3-3226327J2137|3-3298045 
210313-3228393j:138 
3-3230457]:I39 
3-3232521]2 140 


3 3234584[2141 
'3. 32366452142, 


——— —— ——_ ——_—_ — 


3Ze325JIF7PIFL 
3-3257209|3152 
3.3259260[2153 
3.3261310[2154 


20]3-3263359]2155]3-3334473 


um Logarsrbms. [Nu 


33300077 
3-3302108 
3-3304138 
3-3306167 
3-3308195 
$.3310222 


3-3312246 


$[3-3314273 


3-3316297 
3-3318320 
3-3320343 
3e3322364 
33324385 
3-3 326404 
3.3328423 
3-3330440 


33332457 


Nam 
2171 
217213 
117} 
LI 

wr75 
2176 
2177 
2178 
2179 
2180 


|Logarutbxs. [Num 
3.33665 98[2206 

3368598] 207' 
433705978208 
3-3372595]>209 


3-3374593Þ2109(3-3443923 
3. 3.33765 89 2211 3. 3445887 
3.3373584ſ2212|303447851 
3-3 3805 791221313-344g81 
3.33825 72[221413-345177 


3.3 354565215 
3-3386557]2216 
3-3388547]2217 
3-33995 3712218 
3-3392526|2219 
3-3394514/2220 


13-3457657 


Logeruins,| ' 


[3 $3436055 
3+343 3023 
3+3 339991 
3-3441957 


3:3453737 
3+345569 
3+-3459615 


3-3491573 
3+ 3463530 


3s 3396501 2221 
3-3398483[2222 
3.3490473]2223 
3-.3402458[22 24 
3-3494441[2225 


3-3265407]2156[3-33 36488|2191 
3-3267454[21 5713-333 85012192 
3-.3269500ſ2158[3-334051413193 


3-3271545]2159{3.3342526[2194 
3-327 35 $9]216013.3 3445 37]2195[3- 
3+327563 3]216113.3346548[21 96 


3.3277675[216213.3348557]2197 
3.3279716[2163[3.3350565[2198 


3-32817571216 
+ 3.328 3796 2165 


Jo 3285834 2166 


3.32 8990912168 
3.3291944[2 16g 


3.32939792170 


3-3352572|2199 
3-3334579j2290 
3.3356585F|2201 
3e-3358589|2202 
3.336059 3[2203 
3-3362565]2204 
3-336459711205 


3-3406424 2226 
3-34084o5[2227 
3-3410386[2228 
3-3412365$|2229 


3.3465486| 


33457441 
3-3469395 
3.3471345 
3-3473300 


3+347 5352 
3*3477202 
363479152 
3-3481101 


3-3483049 


— ———_ —-- __w_ | —_— —— 


3.341632 3[2231 
3.341 8301[2232 
3.3420277]2233 
3.34222 5212234 
3-3424227]2235 
3.3426200ſ32 36 
3-342 8173122 37 
3.3430145[2238; 
3-34321161]2239 


3. 3484996 
3.3486942 
3.348888 

3.3 490832 
3-3492775 
3.3494715 
3.3 496660 
3- 3498601 
33500541 


3.3434086122340 


3.3502480 


4 
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| [2266 


2275 


CHlILlLIAs 2. 


Yum iLogarithns. 
33 yoagry 


3.3508293 
3.3510225 


3.3512163 


Nam 


3.3506356 


2276 
2277 
2278 


2279 
2280 


2249 
2250 
2251 
2252 
2253 


$113-3523755 


33514098 
3.3516031 
3-3517963 
3.3519895 
3.3521825 


3.3525684 
3.3537613 


2254 
2255 
2256 


2261 
2262 
2263 
2264 
2265 


2267 
2268 
2269 
was? ns 
2271 
2272 
2273 
2274 


(3-35 31465 


225713+3535316 
22 5813-3537239 
2259/3. 3539162 
2260 3+ 3541084 229 


3.3562171 


3-3529539 


363333391 


33543006 
3-35 44926 
3.3546845 
33548764 
3.3550682 


2281 

2282 
2283 
2-2 04 


2286 
2287 
2288 
2289 
2290 
2291 
2292 
229313 
2294 
95 
229 

2297 
2298 


2299 
2300 


2285]>,25 88862 


9413-360593 


3+3571722 
3-3573630 
3-35733 37 
3:3577443 
3-3579348 
3.3581253 
33533156 
3-3585059 
3-35 86961 


3.3590762 
3.3592662 
3.3594560 
3.3596458 
3-3598355 
3.36002Fl 
3.3602146 

3.3604041 


34607825 
3-3609719 
3.3611610 
3.3613500 
3.3615 390 
3.3617278 


3-3552599 
3*.355FqFl5 
3.3556430 
3-3558345 
3-3560259 


3.3564083 


qo 
2302 
S 30] 
2304 
S3SF 


3-3619166 
3-3621053 
3-3622939 
3.3624825 
3.3626709 


2306 


3.3628593 


2307 


3. 3567905 


3-3569814 


3-3565994| 


2308, 


| 


3.3630476 
3.3632358 


2312 
2373 
2314 
2315 


2316 


2317 
2318 
2319 
2330 
2321 
2 322 
$323 
2 324 
Ces 
2326 
2327 
2328 
2329 
2330 
2 331 
2332 
2333 
2334 
233 5P- 
2336 
2337 
2338 
2339 
2346 
2341 
2342 
2343 


23093. 36342 3912 344 
23103.363612c[2345 


Logartihm. | Num | Logarithns 


2311 


3.3638000 
3.3639878 
3-3641756; 
3-3643633) 
3.3645510 


3.3647386 
3.3649260 
3-365I134 
3.3653007 
3.3654880 


2351 
2352 
2333 
2354 
2355 


3-3656751 
3-3658622 
3-3660492 
3.3662 361 


3. 3666997 
3-3667964 
3-.3669830 
3.36716g5 
3-3673559 
3.367542 2 
3.3677285 
3.3679147 
3.3681008 
3.3684728 
3. 3686587 
3-3638445 
3-3690302 
3.3692159 
3-369401 42 
3-3695869|2 
3-3697723 
3.3699576|2 


3.3664220 


LIES 


2356 
$357 
2358 
2339 
2360 
2361 
2 362 
2363 
2364 


2366 
2367 


Cheng 
rift cs 
3$+-3 JOFI3Z1 
3$*.37 o6981 
3.3708830 
3J.3710678 
3-3712526 
3-3714373 
3.3716219 
3-371 8065 
3-3719909 
$-3721753 
$-3723596 
343725430 
3.3727279 
3.3729120 
3-3730960 
3-3732799 
3-3734637 
343736475 
3+373831I1 
33740147], 
3-3741983 


2368: 
2369, 
EF bag 
2371 
2372 
2373 
2374 
2375] 

375, 

377 
2378, 
$79 


3.570143© 


2 380 


337438317 
3.3745651 
3-37474583 
3-3749316 
Je 3751147 
3-3752977 
3.37 54807 


Jo 3756636! 


4s. 
3. 5 3760292) 
3.3762118) 
33763944 


B b 


3:3765769, 


Cuiltrias 3. 


3213.37 694158 
5Þ-3771240 


Cogeriche. 
$+3767594 


3.377 3062 


513-27 745642 


3-37 76704 
3.377524 
3.3799343 


3-3793055 


3.37 96680 


1+379849? 
3.3 800302 
2.38921T12 


3.3803922 


3.3812956 
3.3814761 
3.3816565 
3.3818360< 


3.382017c) 
3-3821972[14 
3-3823773Þ 
3-3825573Þ 


3-3827372 


3.37 52161]: 
13-37 32979] 
3-3735796]: 
$+37 70121, 
3-3789427]} 
3+3791241]2 


3-37 948601 


3-3805730þ: 
3-3507538], 
3-38099345]: 

3.381151], 


3.382917101: 


Logarithns. 


[3.3830969 


3.3832766 


-[3-3834563 


3-3336359 


3.383515 4 


3-333994* 


203-3 841741 


3.3823534 
$+.3845326 
3.347117 
3$.3045902> 
3.3850698 
3.3852487 


13.3854275 
3.385606; 


3-3857S50 
3.3 859636 
3.3861421 
3.3863206 


3 53:3 $64990 


3.3866773 
3.3868555 
3.3870337 
3.387211d 
3.3873898 
3-3875678 
3-3877457 
3-3879235 
3.3881012 
3.3882759 


Num 
245k 
2452 
2433 
$434 
ENT 
2456 
24537 
2458 


Logarithas. 


—__ 


3-3993433 


3.3895205 
3.3996975 
3.3898746 
3.3 go0o05I5 


Num 
2486 
2487 
2488 


J.3992254 
3-3904052 
3.3905819 


2459 3-3997595 


24.61 
2462 
2463 
2464 
Lges 
2466 
2467 
2466 
246g 
2 470 
2471 
2472 
2473 
$474 
am lag 
2476 
$477 
2478 
2479 
2480 


3.3884565 
3.3886340 
2.3880114 
3.388988$ 
(2.3891661 


2481 
2 482 
2483 
2484 


- rg 


3909351 
3-3911116 
3.391 2580 
3-3914044 
3.3916407 
3-3919931I 
3-3921691 
$-3923452 
3.3925211 
3.2926969 


2491 
2492 
2493 
2 494 
492 
2496 
2497 
2498 
2499 


2501 
2502 
2503 
2504 


3-2928727 
3-3930455 
3-3932241 
3$+3933997 
3.3935752 
3-3937506 
3.3939260 


2506 
2507 
2508 
2509 
25IO 


(FIT 
2512 


2 489]3- 
SpPO13-56 


2500[3. 


Logarithm, 


3-39550t1 
$+.3955758 


3-397070z 
3+3972446 
3-3974165 
3-397 5924 
3.397766: 


© —  — 


3.398283; 
3.398460 
3. 3986343 


2 F0513-3988077 


3-3989811 
3-399154}3 
3-3993275 
3-3995005 
5+3996737 
3-3998467 
3.4000196 


3-3941013{2513,3.4001925 


3-3942705 
3.3944517 


3-3946265 


2485 


2515 


2516] 
3-394801 o 2 


2 514,3-400365? 


3.4005 38 
.4c07106 


2517|3.4008631 | 
3.3949767;251 5134010557 | 
3-395 1516/2519, 


3.401228? 


3-39532 6412 52013.401400) 
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2527 
2528 


2339 


. 2 


2541 
2542 
2543 
2544 
45 
2546 


3.4015728 
2134917451 


3.4932614 


1529[3-492945* 
253013:4931295 
353113.4032921 
2532]3-49345 37 
253313-4936352 
2534 3.4030066 
2535]3:493975: 


25 3613.4941492 
2537134943205 
25 3813-4944916 


—_ 


3-4019173 
3-4030893 


349024333 
3.4926052 


3-4027771 


3-4046627 
3-4948337 
3.4050047 
3-4051755 
3-4053463 
3.4955171 
24056878 


Num 


Logarithn. 


15 36}-4075608 


2558 
2559 
2560 
2561 

2562 

2563 
2564 
LI0Y 
2566 
£567 
2568 
2569 
ot Fa 
2571 
2572 
2573 
2574 


349585 84 


2547 
2548 
2549 
2550 


3.406@289 
3 4061994 
3-40636g8 
3-4065402 


2551 
2552 
2553 
2554 


3.40967105 
3.4968807 
3.40 70508 
3-4072209 
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2355 


3-4973909 


2581 
2582 
2583 


2535 


25 5713+4977397 


3 4079005 
3-4080703 
3-42$240C 
3-40384096 
3-4085791 
3-4037486 
3-4089180 
3-4090874 
3-4092567 
3-409425F 

3-4095950 
3-4097641 


3.4T101021 
3-4102710 
3-4104398 


3:4107771 
3«4109439 
3-4111144 
3.4112829 
3e4114513 
34116197 
3.4117880 
3-4119562 


Num 


ADS 
B39 


Logarithw. 


—_ — 


34134574 
3.4136350 


2593'3-41 38025 


Num Logarit hs. 


2626]3.419294 
2627(3441 94601] 
26283.4196254| 


$594 3-4139700 
2595/3:4141374 
2596 3.4143047 


2629 
630 
2631 


3.419790 6 
3:4199557 
3.4201208 


3499933126 


3.4106085| 


2597;3-4144719 


25983 


2599 
2600 


4146391 
3-414805; 
34149733 
3-4151404 
3-415 3073 
3$:41534742 
3.4156410 


2613 
Ent 
2615 
2616 
2617 


3.4121 56-4. 29 8 
5 


25843412292 


3.4124605F 


2619 
2H20 


2586,3.4126285 
2537,3-41 27964 
2588,3.4129642 
2539 3.4131320 


2621, 
2622 
26273 
252 4 


2590'3.4132998 


2625 


[34158078 


3-4139744 
3.4161410 


13-4163076 


3.4164741 
3-4166405 
3-4168069 
3-4169732 
3-4181 394 
3.4173056 
2 4574792 
3.4176377 
$.4178037 
3.4179696 
3-4181355 
4222008 
3 4184670 
3.41 86327 
3-418798} 
3.4189638 
3-4191293 


263213.4202859 
2633/3-4204509 
2634'3.4206158| 
263 5/3-4207896| 
2636|3.420945 4| 
2637,3-4211101 
2638|3.421274d 
2639 3-4214394 
2640/3.4216039 


2641 
2642 
2643 


3.43 17684 
3-4219328, 
3-4220972 


2644] 


2645 
2 64.5 


2647 
2648 


bE4H 


2650 


[3-4243916 
[3-4245550 


3+-422 26014 
3.42242 57 
3.4225898 
3+42275 36; 
3-4229180 
3.42 30520 
3-42 32459 
3 42 34997 
34235735 
3.4237372 
3.42 39009 
3.424064 
3. 4242281 


3-4247183 
34248816 


B b 2 


TEorarnhn.|N 


$113-42509449| 


3-425 20 30]: 
3-42537 12] 
3:42 5 5342]: 
3-42 $697 2]Þ7: 
3-42 58601 
3.4260230 

3.4261858 
3.4263496|2 
3-4265FI13 


————— 0 


3.42667 39 27 


3 +4268 36512 


7313-42 59990 


3-4271014; 
3.427323 


3-42 74061|2 
713-42 76484 
: [3.4278106 
13+4279727 
3.4201348 


2714 3.43 36098 
271513: 3-43376983][2 


268113.42$2 268 


3 42845 $0 
3.42 86207 
J.4287825 


26 $513.42 = 


3.429106c 
3-4392677 
3-42943293 
3-4295905 
J-42 97522 


271 16/3. «43 39298 
271713 4340896 
271813 4342494 


27243 4352071 
2735/3 4353655 


3-4: 99137 2726|3- $435525d 
3-4300751]2727 
3.4302364[2728;3.- 
3.4303976]:729,3-4360035 
3.430558812730j3 4361625 


wa ts 
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Cuillas 3. 
um | Logarithns. Num Logaruhm. | Num Logarithm. 


3-4527062|2 871 3.45 80332]290613-463295 
3.452 8593]: 372 3.45 81844[290713-463445 
3.4530124]2873 3-4583356]290813-4635944 
3-45 316542874 3.45 84868[2909[3-4637437 
40[3-4533183[2875;3.4586378[2910[3-4638393 
3-4534712 :876 3.45 87889 291113-464042af 
:13-45362412877 3-45 89399[2912[3-464191 
:80813.443 3971 1843 3.45 37769] 878.3.4590908[2913[3-4643405 
$0913.4485517|284413-45 39296[2879 3.4592417]2914(3-4544895 
181013-4487063|2 84513-454982.3]2880 3.4593925[2915]3-464638 
:$1113-4438608]: 846[3-4 542349 $81'3-4595433 291613-4647875 
181213449015 3]2 2473-4543 $7512 88213-4596940[a91 713.464936 
181334491697]: 848]3-4545400]2 883 3-459 5446[291813.4650853 
2$14]3-4493241]3849]3-45 4692412 $84 3.4599953[2919]3.4652341 
181534494784]: 85034548449]: 88513-4501453[292013-4653 828 
a 3-4496326|285113-4549972[2 88613.4602903[292 113.4655 316 


13113-4497 868[:8523-4551495[288713-4604468]z 92213.4656 $02 
2$133.4499410[285 313-45 5301812 888[3.4605972|2 92 33-465 8288 
:81913-450095 1285 413-45 54542 $8913.460747 512 924(3-4659775 
2$2013-4502491|2 85 5(3:45 5606112 89013-4608975[292 513-465125 
282113-4504031|2 85613-4557 582[2 89113-461048v1[292 6]3:4662743 
182 213-4505570[2857[3-45.59102[2 8923-461 I983[2927513.466422 
282313-4507109h2 858 3.45 60622 289313- 46134542928 3.4665711 
:8243-4508647]2 85 9j3-4562142]2 894[3-46149851292913.456719 
182513-4510184ſ2 860[3-45 63660 2895 3.46164.86 2930 3-466867 
282634511721] 2 $6113-4565179]a896[3-4617986[2931]3-4670158 
282713,4513258 2 $6213-4566696]2 $971[3-4619485]293213-4671640 
2$2383:4514794|2863(3-456821 32 898 3.4620984|2933[3.4673120 
2829j3-4516329]2 86443-45697 30 2 89913-4622482[2934|3:4674601 
2 $30[3-45 178642 865]3- .4571246|2900|3.4623980 .4623980[293 513.4676081] 


2$3113-4519399|286613.4572762[290113-4625477|2936[3-4677560 
283213445 20932[:867|3.45 74276|290213.46269741293713-4679039 
283313. 4522466]: 868|3.4575791[2903[3.462 84701293813-46805 18 
2834134523998: 869]3.4577305 2904]. .46299661293913-4681996 
2835]3-4525 53112 870[3-457881 9]290513.4631451 294013.4683473 
Bbz 


| Culllas < 
am, Logarithm. Num 'Logarihm. == Logaritims. [Num |Logarithns. 
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ot113.47871081z046 
z01213.47 5855013047 
z01313.475999113048 
z014(3-479143213949 
zo1 513-4792 7 313250 
301613 479431313951 
301713-4795753]3052[3-4345845 
301813-47971921305 3 34847368] 
3019[3-479863113054(3-4848690 
LESS 9P220 3-47494433222]3.4589206913055/3-4850112 
2951[7.4699692[29 86 3.4750 89 bf3orn}3.480150713056/3-4851533 

302 2]3-480294513057|3-4852954 
3023[3-480438113058 3-4 354375 
3024[3-48058181305 913-485 5795 
302 513-480725413960[3-4857214 
302613 4808689]306113.4858633 
302713-4810124[306213.4860052 
3028]3.481155913063 nerd 


3-4837299 
3 4.8 3 $725 
3-4540150 
3.484I574 
34342998 
3-4844422 


2944'3-4689378[2979 3-474970)5 
294513-4690853]2980 3-4742163 
29463-4692 327 298113-4743620 
$94713-4693 001 29823-4745076 
294813.469527 512983 3-4745533 
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3-4794105|2989 3-4755259 
5 $3-47955 75]29993-4756712 
3-4707044 2997 3-47 58164 
3-4708513[2992/3.4759616 


2994 3-476251 8 
6013:4712917]299513:476 3968 
3-47143d4 3-4765418 
13:471F852 3-4766867 
34-4717 317129983-4768316 
3-4718782 3-4769765 
3.473024713000/3.4771212 


302913.438129931306413.4862883 
393013-481442396513-4864305 
303113-4815859j306613.4865721 
303213 -43172921306713.4867138 
3933]3-4818724Þ 068134868554 
3934]3-4520156]3 069|3.4869969 
34971454 


3+47217TI1 
3.4723175 
34724639 


13-4726102 
ToB4727564 


3-4729027 
3-47 30488 


13.4731949 


3-473 3410 
3.47 34870 


3 004 
30095; 
3006 
3007 
3008 


3-47726601303 
3:47 74107 
3-4775553 


3009 
ZOIO 


3035Þ-4821 58713970 
3.4$23018|3071 
3037]3-482 4448 07213-4874312 
393913.4825878[3073 
3-4776999[3039]3.4327307]074 
3-477844513949]3-4328736[3075 
3-4779890[304113.4830164|3076 
3-4781334304213-4331593 
3-4782778130431]3.4833019]3078 
3.47$42221304413-4$3444613079 
.483587 3%; o80 


3-4872.798 


3$.4875626 
3-4877039 
34878451) | 
34979863] | 
3:4881275 


3.47856651304 


3:4883686| | 
3.48 $409) 
3.488550] | 


_— —— ——_—— . w | 


_ 


CHILIA 3s 4. 


NuM Logaritbus. 


Num 


Ch 


3081/3-4886917 
3082/3.4838 $326 
3083134889735 
3084 3.4391144 
3o85/3.4392552 
3086|3-4393959 
3087]3.4895 366 
3.43895773 
3:4898179 
3-4899535 
3.4900990 
3.4902 395 
3-4993799 
3.4905203 


3116 
3117 
3118 
3I19 
3120 


3.4935974 
3-4937368 
3.4938761 
3.494015 


3-4941 54613155 


Logarithms, 
3-49 54434 
3.498 5862 
34937240 
3-4988617 
3.498 9994 


3186 


3187 
3188 


—_— 
Z 


I22 
3123 
3124 
3125 
3126 
3127 
3128 
3129 


jo9s 


13097 34999412 


2098]3-491081 
30993-4912216 
3100/3-4913617 


3130 
3131 
3132 
3133 
3134 
313F 


3.4942938 
3-4944329 
3-4945720 
3-4947110 
34945500 
3e4949890 
$-4951279 
3.4952667 
3.4954056 
3:4955443 


3.4956831 
3.4958218 
3.495 960 

3-4960990 
34962375 


3156 
3157 
ZIFs 
ZI59 
3160 


3$-4991370 
3-4992746 
3-4994121 
3-4995496 
3.4996871 


3192 
3193 


3195 


318913. 
31903. 
3191} 


319413: 


Nam Logarithes. 


3.503245 


3161 
3162 
3193 
3164 
3165 
3166 
3167 
3168 
3169 
317Cc 


3101/3-4915018 
3102[3-4916418 
3103(3-4917818 
31043-49192 17 
3105[3-4920616 


3136 
3137 
3138 
313 


3-4963761 
3-4965145 
3.4966529 
3.496791 3 


3106[3-4922014 
3-492 3413 
3.4924810 
3-4926207 
3.4927604 
3.492 9000 
3-4930396 
34931791 


310 

310g 
3110 
3II1 
3112 
3113 


3I41 


9 
$54e-499090 


3-4970679 
3-4972062 


314 


3142 
3 Fi. +497 3444 
3145[3-4976206 


3.497425 


3171 
3172 
3173 
3174 
3175 
3176 
3177 
3178 
3179 
328 


3147 
3148 


3114 


3I1513-4934580 


34933186] 


3149 
3150 


3146] 


3-49775 87 
pe Wei 
3.4980347 
3-4981727 


3181 
3182 
3183 
3184 


3.4983106 


3185 


3-4995245 
3-4999619 
3-5 000992 
3.50902 365 
3-F0203737 
3.5005 Io09 
3-5006481 
3-5007852 
3.5009222 
zZe-FOTOF93 
3-$011962 
3.5013332 
3.5214701 
3.5016069 
3-5017437 
3-501 8805 
3,5920172 
3-3021539 
Z-5022905 
3.5024271 
3-5025637 
J-5027001 
3-5028366 
3.5929731 
3$-5031094 


3196 
3197 
3198 
3195 
3200 


3207 


3210 
3211 
3212 
3213 
3214 


3216 
3217 
3218 
3219 


1113-5052857 


3-594606 

$-5047436 
3.5048785 
3.5050142 
3.505150a| 


3.5054213 
3-5955569 
3-5056925F 
3-5058280 


3-5959635 


32083-5962 344 
3209/3-5063697 


13.5060990' 


3-5065090 
3-5066403 
3- 5967755 


321513-5971810 


3-50745L1 
3-5075860/ 


32203.5078559 


3-5 0FHR0F] 
3.5070439 


3.50@73160 


3-5077210 


Bb4 


: CulllIas 4 
EEE SR Num (Zogericbes, [um | Legerichm. |Num |Logarichue | 


— _ ———_ ..u ——— | —— — 


3321 3.5079907 3256,3.51268443291 3-5173279133261|3-5219222 
3$323/3:50BL255 3257 3.51281783292]3-5174595[332713-5 220528 
3223\3.5082603 3258 3.5129571 3293]3-5175917133281[3-5221833 
3224 3-598.3950 32593-51 30844 329413-517723613 329[3-5223138 
3225 3-598529713260,3-5132176|329513-F1795 $4033 29]3-5224442 
| 3226 3.5086644(z3261]3.5133508[329613.5 17987213331[3-5225746 
3227 3-5987990[32621[3.5134840 3297|3.5181189[3 332 {+ FLTFOJG 
3228 3.50893351]3263]3.513517113293|3.51$2506[333 313-5328 353 
3229 3.50906 8013264 3-513750113299 3.518382313334(3-5229656 
3230 3-59929251326513.5138832[3300[3-F1851391333513-52 30958 
32313-5093370[326613.5140162[3301[3.5156455]3336[3-52 32260 
323213+-509471 3[326713-514149113302[3.5187771133373-523356: 
132 33/3-509605 713268[3.514282013303[3-5189086[33 3813.52 34863 
32 343-50974091326913.514414913 394[3+5 19040013 3 39[3-52 36164 
P2355290743 3270]3-514547813395[3-51917151334913-$237465 
3236 3.5100085[z27113.514680513 30613.5193028[3341[3-5238765 
432 3713-510142713272[3-514813313 30713-5194 34213 342[3+5 240064 
1323813-5102763$[3273|3-514946013 308[3.51956551[3343[3-5241 364 
32 39]3-5194109}327413-515078713 30913.5196968[3344{3-5242663 
3243:5195459[327513-5 15211313 31013-51982 d013 345135243961 
324113-5106790[327613.5153439[331113-5199592[33461[3-5245259 
324213.5108130[327713.51547641(3 312[3.5200903[3347[3-5246557 
3243]3-5 10945913 2.78[3.51 5608913 31313-520221413348[3-5247854 
13244 3-51108031327913.5157414]3 3£4[3.520353513 34913-52491 51 
3245]-$113147 3280]3.5158738$]331513.5204835|3350[3.5250448 
3246,3-511348513281[3.5160062[3316þ3.5206145|335113-5251744 
(32473511432 3/3282]3.5161386|3317[3-52 0745513 35 213-525 3040 
32403-51161 601328-3j3.5152 7091331 8]3.5208 7641335 313-5254335 
3249,3-51174971328413.5164031[3319f3.5210073[33543-5255531 
32 50j3-51 15534132 8513-51653541332013-52113811335 513-5256925 
325113-5120170132 $6(3.51666763321[3.5212689|3 356{3.5258219 
{3252[3-5121505[328713.516799713322[3.521399613357[3-5259513 
325313-5122841 328813.51693186 33231]3.5215303ſ335 31345 260806 
13254{3-512417513289[3.5170639[3324|3.5216610[33593.5262100 
325513.512 551013 29013.51719591332513.52179161336013.5263 294| 


_—C EN. 


CullLIias 4. 
Num, Logarithms. [Num|Logerithas. Num |Logerithm. |Num Logaruhm. | 


— _— -__ <————— — . —— —_— 


—_— ce __—_—_— — 


þ361]3-5264685[3396}3.5309677[3431 3-5354207[3465[3-53 98286 
335213-5265977[3397[3-5 31095 513432(3-5 3554753[3467[3-5 3995 3d 
3363]3-5267269]337813-5312234j3433 3-5 3567381.468[3.5400791 
3364[3-52 685 60]3 399[3-5313512[3434/3+5 35 800:[3469]3.5 402043 
$365]3-5269851]3400|3-5314789]3435/3:5359267]3470]3-5403295 
3366]3-52711411340: [3-5 316066[34361[3.5360532]3471[3.5404546 
336713-5272431[3402[3-5317343[343713-5361795[3472[3-5405797 
336813-527 3721/3403/3-5 31 $619]3438]3-5363059Þ3473]3-549704* 

3-5275010[3 404[3-5319895134393+53643221347413-5408298 
3-5276299]3 4953-5 321171]3442[3-5 365 554 347 5[3-5429548 
337113-5277588[3406[3:532-2446]3441]3-5 366847]3476(3.5410798 
337213-5278976[340713-5323721]3442[3-5.368109]3477]3-5412047 
337313-5250163[3408[3.5324996[3443[3-5269 370[3478[3-5 41 5544 


337413-$281451[3409|3-5326270]3 4443-53706 31]1479/]3-541454 
3575-32327 32341 95327544 445[3-5371892]348913- 541 $792 


337613-5284024|341113.5 328817 344613-537315 [3481 3-5417040 
3377 3.5285311[341213-53300901344713-537441 3] 14213-54182 88 
3373-52865 9613413'3-5331363[3443[3-5375672] 48,[3-5419535 
3379 3-5287882]3 4143-5 333635[3449]3-5376932 3484j3-5420781 
$380/3-5289167]341 513-533 3907]3450[3:5 37 8191]48513-5422 028 
3384j3-5290452 ths bil 79134511[3-5379450[348613.542 3274 
3382]3-529173|341713-5336450[3452]-5 350708[348713-5424519 
133$3]3-5293920[3418(3.5337 7211345 3]-5 381 966[3488[3.5425765 
3384[3-52 943031341 913-5 338991Þ 45413-5 353223 4oh351ohor 


3385 2-52955 $713420'3.5340261[3455 3-5 384481 4903-542 8258 


— CCC GC 


1386]3-5296869g/3421/3-534153113456]3-53857371349113-542949. 


3388 


_ 405 $2134223-5 34280c|3457 


3389]3-5390716[34243-534533813459 
33993-53919971342 5/3+5 3466053460 
3351]3-530327813426;3-5347 8743461 
3392]3-5304550 342 713-5 349141 3462 
3393[3-5305 $39[3428 
3394[3-53071113429,3-535167513464 
339513.53083981343@.3.535294113465 


(3-5 35040813463 


3.5386994 


35389506 
3-5.399761 
3-5 392016 


3.5.395779 
3-5 397032 


3.53 8825013493 


3-5393271]} 
3-5 39452513498 


494] 


3499 


213.54307423 


9 513-5 434472 
613.5435714 


3.5431986 
3-3433229 


3-5436956 
3-5438198 
3-5439439 


3500 


3.54426 30] 


CHlIllas 


4+ 


—  — 


Loganithm. Nun .N\ Logarichm. 
[3:5441921[35 36/345485123 
2[3-54431611353 2+ 5486351 
3-54444011353833- 


Eh nn 


163-55 33975135 
13.55 3649; 


3-5 538830 


3573/35 52911 


3-5535189 


3-55 37617 


{> revtrſoreh 5501060858 


2 5]2:3471591 35 6013. 3.5514500PB5 9513-5 5556989 


113.5549204 
35541256 
(3+5 42.465 
43: 5543680 


——u <— Q __ __ —— 


3+5466668[35 5613-5509618135 91[3- «552154 
3-5 46789413 5571]3-5510839]3 59213-555 336; 

3-546912613558[3-5512059]3593Þ-5554572 
3-5470359[355913-5513289g 59435555781 


Num , 4 DUGG Num Logarubn, 


3571 3-55378983606 3.5 570253 
3607/3+-5.571461 
6083. +F3 72665 
513609 3. 5573869 
3610.3. 3:35 75972 


36I1 
3612 
3613 


3615! 
:616' 


3617 


3618 


620 


362113.5 588:85 


3632 
3623 


3627 
;628 


3629 


16.30 


3-5472823]3561/3. S515720B859613.5558197 


3631 
3547495 5[35623-5516939]359 3-555 9404(3632 


6043. 5579881 


16193. 5585886 


{| 362 4 
3:5455427 3555 .5508506 35903-5 5509441362 5/3- 5593080 
3626/3:5 5 594278 


3-5 599066 


3-5576275 
3+5.577477 
3+ FF78689 


3, 3-5581083 
$o 5582284 
3-558 3485 
3-5 584686 


3. 5587086 


3-5589484 
3-5 590683 
3-5591882 


3-5595476 
3-5596673 
3-5597370 


3.5600263 
3.5601458 
3.5602654 


3 $475286]35633.5518158[z3598]3.5 560612 


9$13-5476517]3564 


353513. 548389413570 


35653552059 5]3600 


3+55193778599 


3-55218131j3601 
3-552 303113602 


3.5551818 


3-5 5254651360 


3. 5:3 46p6og 
3-55266821360513-5569053 


35563025 
3.55642 31 
3-5565437 


3-556664F; 


3.556784d 


3 640 


3639 


3 $13:5 625044 


3.5603849 


3.5606339| 
35607433 
3.5608627 
3.5609830 


3.5611014 


CuTrLIAs & - 


3641 3.5612207 $676,3-565375513771 3-5694910[374613-57 35678} 
1642/3-5613399]3577(3-56 5493613773 3-5696080|3747|3-5736837 
3643 3-5614592 3678,3-565611713715 3-5697249]3748]3-5737996 
26443-56157 34 3679 3-565729$13714 3-569841 91374913-5739154 
364513-5616975|365913:56584782775 3-56995 8*[37 5913-57 49313 
2646 3-F618167 3681[3-565965 3716 3.5700757137 5113-5741 471 
1647 3-5619355 368213.5560838 3717 3.5701926]3752 3-5742628 
36483-56205 48 3683|3-5662017|3718]3.579 39943753 3:5743786 
16493-56217 39136 8413-55631. 96 371913.570426213754(3-5744943 
150 1.5622 929]3685[3-5664375|12223:5705 4297.5 13:5 740099 
76511356241 183686]3-5665553/372113-570659 [375635747250 
1652/3562 5308[368713-56667 3113722 3.5707764[375713-5745412 
165 33-562 6497|3588[3.5667909]3723 3-570893c|375813.5749563 
365 413-5 62.768 513 689 3-5669087|37 2413-5710097]375913-3752723 
365513-5 62887 4/3 69913-56702643725}3:577 1 22313700 3-5751878 
65613.5630062[3691 3.5671440j3726 3.5712428]376113-575 30933 
502430009 3.56726191372713-5713 5941376213-5754! 88 


Pn rereop169 Logeritbes. Sum] Logeririns [Num |Lagerithm | 


W2 Wo 


36583-5632 437] 69 3]3-$673793 3728[3-57147591376313-5753 343 
| 1.5633624}369413-5674969}3729]3-571597 376413-5756496 

36013-56343 11j369513:5676 1443730 3-57170871376513-5757650 
366113.5635997] 696Þ-5677 32013731 3:5718252[3766j3-57 58503 
166:3563518313 69513 -5678494(373213-537.1941 1376713-5759956 
366313.563836912698]3, 5679669137 33 3-572058013763|3-5761109 
26643.56395 5 5]3699[3-56808433734]3-5721743 376913-5762261 
266513.$640740]3700[3.568201713735[3:3 722900177 )L$T0 3403 
36663.564192 5|3701[3.5683192]3736 3-5 724069137 7113-57 64565 
36673.5643109]3702]3-568436413737 23-57252311377213-5765717 
36693.56442933703[3-$68553713738 3-572639313773|3-5756868 
366913-564547713704[3-5638671 01373 9]3-572755 377413-5768019 
367d3-5646661[3705]3-568788213740)3-572 871013775 35769109 
367113-5647 8443 70613-56890541374) 3.57298771377613-5779 32! 
36723-56490271370713-569022 913742 3.57 310381377 713-57 71479 
367313:5650209 37083.5691 39713743 3.5732198]3773 3.5772620 
36743-5651 392[3709]3-5 692 56313744 3-57 3335137 79]3-$773769 
367513.5652573137103-569373 374513.57 345181378013 5774917 


CulLlTias 


4+ 


Num Logarichns. 


— ——_ 


3781 3.5776067[ 
37 82/3.5777215 
37833-5778363 
3784 3:5779511| 
3785 3.5780659 


| 


13786,3-5781806 
3787,3-57 82953 
378835784100 
37893.5785245 
3799 3:5786392 


3.5 $2064 
5-5821770] 


— — | ——_  ——_— 


3-5817222 
3.5818359 
3.5819497 


3-5822907 
3-5824043 
3-5825179 
3.5826214 


| Logarichme.|Nu 
3-5855735 

3.5 856063 
3-557990 
3.5859117 
3.5860244 
3.5861370 
3-5862496 
3.5863622 
3.586 4748 
3.586587 3 


3+5 900612 


3-5 9OI 728 
3-5902844 
3+-3993959 
3-59OFo7c 


$791 
3792 
1793 

794 


3797 


3799, 
3800 
3801 
3802 
3 803 
3804 
3805 
3806 
3807 
3808 
380g 
3810 
38T1 
3812 
3813 
13814 


3 | 
3795 
3795, 


| 
3798 
13.5 796693 


3.5787538 
3.57 $8683 
3.5789828 
3.5790973 
3-5792118 
35793262 
3-5 794406 
3-5795550 


3-5797836 
3-5799979 
3.580012 1], 
3.5 801263 
3-5 802405 
3.5803547 
3-5804683 
3-5 80582913 842 
3-58081101[3844 
3.5809250[3 845 


3.5835388 


13-5838786 


3 84113-5844443 


3.5027450 
3-582 8585 


3.5829719 
3.583085 
3-5831988 


3.5533122 
3.5834255 


3.5836531 
3-5837654 


3.583991 

3.584105© 
3.5842181 3 
3.5843 312[38 


3584557413877 
3.5846704[3878 
3.584783413879 
3.5848963|3880 


3.5810389]3 846 


3-58500931[3881 


3-5811529[3 847 


3-581266 3845, 


3.581380713849 


3-581494513850 


3-5851222|[3882 
3.585235113885 
3.585 347913384 


713-5 873742 


3-5 882717 


3-5 $56998 
3-5868123 
3-.5869247 
3-5870371 


3.5871495 
3-5872618 


35874865] 
35875987 
3-58771T0 

3-5878232[2906 
3-5 879353 
3.5880475 


3.5853838 3911 
3.5884958]3912 
3-5886078[39x 3 
3-5887198[3914 


3.588831 713915/3-5927318 
3-5889430[3 916, 


3.589167 391 8 


3-589055513917 


3.585 460713885 


1[3-3911759 
3135913985 


3-590613y 
$-3907304 
3-5 90848 
3.5999532| 
3:5910646 


3.5912873 


3-59I5eg8 
3+5916210 
$+5917322 
3-$918434 
3-5919546| 
3.5920657 
3-5921768| 
3+5922878 
3-5923988 
3-59250g8 


3.5 3892792 3919; 
3-5893910 392013-5932 $61 


3.5926208 


3-592 8427 
3-5929536 
3.5930644 
35931753 


3815 


Cult 


TAS 3. 


 —n—in GEES - 


ne 5977068 
213.5935070[: 
5]3-$936183 


3$.593729c 


25938397 


3439939503 
3.5940609 
3-594171r5 
3.5942 820 


3<13:5943925 


3-5945930 
$.5940135 
35947239 
3-5 949344 
5949447 


13+5 950351 


3-5951654 
3.595275 
3-595 3860 
36954962 
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3967 
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3.5956064 
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3.5969268] 
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3-F961I571] 
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3-5972563 
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3.5983527 
3.5 984622 
3.5985717 

3.5986811 
3.5987905 
3-.5988999 
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3.5991186 
3-5992279 
3.5993J71 
3. 5994464 
15995556 
3.5996640 
3-5997739 


3-5999922 


400513: 
4906}3- 


3.599$331]. 
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3991 3.6010$S17 
3992 3.6011y05 
3993 3-6012993 
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4996'3. Sor0098 
3997 3-6017341 
3998 3.6018428 
3999 3-60195I4 
4000 Z- 6020600 


3013-605 3050 


4091'3-6031685 
400213-6022771 
49033 .602 3056 
4004 3» 6024941 
6026625 

3.6027109 
3-6028193 
[3.6029277 
$13,60303G61 
3.6031444 


4007 


3 6063814 


4944/3 


3-003252 

3.693 3609 
3.6034692 
3-6035774 
3.6035855 


3-6037937 
$03 713-CoTH0R 
401813.604c099 
4019]3-5041180 
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4947 
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3.6045500j405813.6083LI2c 


3.6005373[492113 6043 3414056 
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3.6007551j4023 

3.600864c1402413 COSINE FL) 
2.600972 907402 5 2.6oartygliose! 
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404513-6069185 


3.604373. 
3.6049816]. 
3-60508g5 
3Z* 6051973 


3.6054128 
3-6055205 
3.6056282 
3-0057359 
4.00 5S438 
3-060Fg5 I 2, 
3.9060587 
3.6061663 
3.06062 738 


3-6064$8t 
3.6065963 
3.6067037 
.G600S111 


3.6070255 
3.6071 332 
3.6072 405 
3-06073475 


3-607. 6608 
3.6277766 
3-6078837 


3.600975 
3.60d205c 


3.608419 
z3.6035265 
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613-6238093 
410713-02 39725 
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$18.624797542 503 . 
613.62490064251 
3-62500 36 42 F2 
3.6251066 42F3]3 
3.6252095 4254 
3-62531 244255 
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4227 
4228 
4229 
4230 
$231 
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4233 
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3.625415 3/42 56 
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3-6269559 
3-6270585 
3.6271610 
3.6272634 
3.6273659 


| Logaricbm. | Num 
3.630529 43 96, 
3.63063121430713-6341749 
3]3-6397329,430813.6342757 
36343765 


3-6274683 


4281 
4282 
4253 
4254 
4285 


3.6284911 
3.6235933 
"— 6236954 
3.6287975 
3.628899g 


3-6290016 


3.6255182 4257 
3.6256211 425853: 6292057 
3.62572 394259;3-6293076 
(422 513-6 6258267 4250 3. 6294096 
3.62592 2954261 
3-626032 2,42 262 
Ed bs Moſs, 
3.6262377/4264 
3.6263404 4265 
3-6264430'4266 
3.6265457,4267 
3.626648 3/4268 
3.6267 5094269 
3 62685 34/42 7013. 6304279 


3-6291036 


3.62g95I15F 


3.62961 3444297 


6297153 
3.62981 72 
3.6299190 


4286 
4287 
4288 
4289 
4290 
4291 
4292 
4293 
4294 
4295 
4296 
4298 


4299 
430013-6 


3.6300208 
3.6301226 


3.$303262 


3.63022 4414303 
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4302 


13 © 6314438 


3.6308 34514309 
3.630936114310 
3-6310377/43I1 
3-6311392[4312 
3.6312408[4313 
3-631 342 314314 
4315] 
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3.6340740 


36344773 


3.6345780 
3.6346788 
3-6347795 
3.6348e01 
3 6349808 


3-6315452]4316, 
3.6316467,4317, 
3.63174811j4318 


3-6319508/4320 


3.632153514322 
363225 48/4323 
3-5323560,4324] 
363245734325 
3.6325585/4326/3 
3-6326597 4327) 
3.6327609 43283 
3-632862 0 4329 


3.6330643 4321 

3.6331653/4332 
3-63326544333 
3.63336744334 
36334585 433513 
3.6335694'4336 
3.6336704433713- 
3.6337713{433013 
3-63387234339]3 
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3.631495 43193- 6353832 


3.6320522]4321.3- 36355841 


13. 6359861 


3.6329632 4339) 


3. 6350814 
3.635182c 
3.6352826 


3.6354837 
3.6356845 


3.6357852 
13-6358857 


3 36360865] 
3 6361869! 
.6362872, 
Sth 63876 
3+ 6364879 
113.6 305882 
3-636608g 
2.6367887 
3-6368889 
3.6369891 
3+ pt. 
6371894 
3.6372895 
_ 6373896 


3.633973214440 


36374997 
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4341 
4342" 
[4343 
4344 
1345 
4346 
4347 3 
4345, 
4349 
4350 
4357; 
4352; 
4353 
4354 
4355 


4357 
4358 
4359 
4350 
4361 
4362 
4363 
4364 
4365 
4366 
4367 
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3.6375898 
3.6376398 
3.637789d 
3-6378898 
3-6379898 
3-63808g97 


6351896]: 


3-6352895 
3.638389 


3:6384893[4 


3-6385891 
12.6386889 
3.63878$7 


3.638888 4| 
3 36389882 + 


435613.6390879 


3-6291878 
3-6392872 
3.5293869 


3.6395861 
3.6396857 
3.6397852 
3.6398847 
3-6399842 


3639486514395 


+377 
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3-6400837 
3.6401832 


4368 
436 

£370 
4371 
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437213-6406802 
4373]3-6497795 


437513.6409781 


3.6402826 
3-6403820 
3-6404814 
3.6405 808 


+405 
4406 
4407 
4408 


3.6408788 


4409! 
4410! 


£13641 8705 
3-6419696'4: 


36420654421 


03-5424545 


20136434537 


3:6439459 


3-641176) 
3.64127 
36413749 


0|3-5414741 


3-6415733 


346416724 


3-64I7715 


3-642167 
3.642266 
3-642 3656 


3,6425634 
3-6426623 
3-6427512 
3-642 8601 
ESPE 
3-6430577 
3.6431565 
3-6432552 
36433540 


3-6435514 
3.6436500 
3-6437487 
3.6438473 


3-6440445 
3.64414 30 
3.6442416| 
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4376,3.6410773'4411 


5[4412 
$4413 
4414 
+475 
(4416 
4417 


(4418 


4419 
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4422 
4423 
4424 
4425 
4426 
4427 
4428 
4429 
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4431 
4432 
4433 
4434 
443) 
4436 
4437 
4438 
4439 
BEES 
4441 
4442 
4443 


4.4.4.4 


3.6450291 


[3.6443401 
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3-6444385 


4445 
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3.644539! 
3-6445355 
3-0447339 
3+3443325 
3-6449397 


3 6451274 
3.6452257 
3+345324c 
Len) 


113-6455205]- 


3.6456187 
3-645716g 
3.645151 
3-645 9133 
3.6460114 
3.6461095 
3.6462076 
3.6463057 
36464037 
3.6465017 
3-5465997 
3-6466977 
36467957 
3.6468936 
3-6469915 
3-6470894 
3-6471873 
3.6472851 
3-6473830 
3.6474808 
3-6475785 
3.6476763 
36477740 
3.6478718 


455[3:6488477 


$13-6451548 


[3 no 


6013-949 3349 


3313+6496269 


5 513:6498215 
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7513-6 507930 


13.6510841 
13.65T1811 
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3-64796g5 
3» 6480671 


3-6482624 


© J 3-648 3600 


3-6484576 
3.6435551 


3-64d7502 


3-6439452 
3.6490426 


Zo 2492375 


3.6486527 


3-6494 322 
3-649529 


3-6497242 


3-5499187 
3.6500160 
3.65o11 32 
36502104 


36504047 
3.6505018 
3.6505989 
3-6506960 


3.6508901 
3.6509871 


3.6512780 
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3.6514719 


8:13 6515689 | 


z3-6516656 


3:6517624/453C 
3.-6519595 


3-65195 61 
3-652052d 


g[3+6 521496 


449 
450 


9 36529225 
44983» 6530195 
3.65 3116c|. 


3-6523265 


3-6532125 
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3-652 246314 

13-6523430| 
4-6524397| 
13-652536+ 
3-6526331]. 


4495 $4-6527297 


4591 


4503 


4502 


4504 
1505 


3.6533090 
3-6534955 


3-6535984 
3.65 36948 


450 


4511 
4512 
4513 


+(15 


4506 


4509 
4510 


4514 


3-6539839 
3-6540802 


$.6541755 
3.6542728 
3-7543691 
3.654465 


3.6546578 


3-6535015|. 


365379124 
47090653983 


3.6545616} 


$5350 


3-6548501 


$13. 6549462 


3-6550423 


3-6551384 


3-6552345 
3-6553306 


53-655 4266 


3+6555226 


3.6556186 


3-0557145 
3.6558105 
3.6559064 
3.6560023 


30]3.656098 2 


3-65561941 


3.6562899 


3-6563857 
3.65648315; 


3.656575) 


3.6570558 


zoOFZLIFIF 
3-6572471 
3-657 3427 
3.6574383 


4513-6575 339 


3.65 76294 


3+6577250 


3-65 78205 


3-6547539 


4553 
4554 
45 55 
4556: 


4558, 
4559 
45 60. 


4562 
4563 
4554 
4565 
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4572 
4573 
4574 
4575 
4576 
4577 
4578 
4579 
45 80 


45 82 
438313 


3 65791591953 
26580114) 


45855 


3. ma + 
36583930 
35 65848834 

36585837 


4557 3-6586790 


3:65 87743 
3+ 6588696 
3-6589648 


4588 
4589]: 
45 90 


4393 


4561! j3e 65 90601} 


3.65g1553 
33-6592505 
3.659345 

3-65 94409 


455613.659535 
456713-659631T9 


3.6597261 


4569]3-6598212] 
4570/3:6599162 


c[4571 


3-6000112 
3-6601062 
36602012 
36602962 
3.66039r1 


3.6605809 
3.6606758 
3.6607706 
3.6608655 


3-6509603 
3-6510551 

«661 1499] 
36612445 


3.6613393 


3.6604860], 


4596 


3+ 66181 27þ: 


45 9213: 
45923: 


45943: 
45 95|3:0202205 


4500 
GO1 
4604 


4606 
4607 


461913- 
(4620 . 


45 9713- 
459813: 
45 99;; 


46023. 
4603 s 


460513- 6632296 
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4551 3- 5655106 4536 366143 4% 
552(/3.6582033145 87] 6615389] 


6616234] 


3-5633239], 
3.6634182]' 
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31 6647360 45 ET 

| .6648299/455 13-6581062[469213-671358014727P:+ 
3.6681995]469313.67145061472© 
462 4j3.66501 75/465913-5682 92 7}4694[3.671 5431 
62513466514: 12 7/4660 3-668385 914695 3.67163 5614 
1546|3: 665105 6,4661]3-6634791}469613-6717281h4 
627j3:6655 9954562 3-66857 2 31469 713-671 820614 
452 313. 665393 31456313 6686654|469813.6719130 
{3 .6654873/4664}3-56875851469913.6720054|- 


30 -6555 810k4665]3- 66885161470013-572 09794735 
63113.6656748:466613:6689447]4701]3-6721903 
4632 66576854567 3 6690378[4702 3.6722826 
463 313- 655862314668 3-6691308{470313-6723750 
4634/3-6659560466913-6692239/470413.67 2467 3/47 39]3 675686, 
I 36660497 467013.6693 169{4705]3:57255 961474913: 3-6757783 
3:6661434 4671 3-669409914705 3.672651914741 3 3 6758790 
463713" $E0337K4072 3-6695928/470713.6727442]474213-6759619 
14638}3-666330 744673 3. 6695955 4708 3.6728365 4743 3.67605J1 
[453913-65642444674 3.6696887/4709]3.67292 87]47443-57 61447 
464913: 6665180146713. 6697815147193. 6730209[474513-6763361 
4464113-6666116| 576'3. 66987451471113-67 311 31]4746[3.675 3377 
 [4642(3.6567051 677.3 ,.6699674'47 12]3-673205 347 4713-6764193 
46433-666798714678 3. 670060214713 3.6732974 47 4813-6765 106 
46443-6668922|2679/3.6701530/14714]3-6733896]474 913-67 6603! 
[4645|3-666985714680 3.67024594715]3-67348 17}47 50136766936 
- $4$546;3+ .66707921468113- 6703386147163. 6735736475 1136767850 | 
4647/3:667172714682/3.6704314/471 713.673665 gq7 5213-67 68764 
4648[3-0672661 4633 3.67052421471813.6737579 47 53136769678 
4649 3:6673595|4684/3:6706159/4719]3.6738500Þþ47 5413-77059? 
46 5913: 667453014685 3- 67070961472013.6739425475 513:67719% 
1465113-6675463 6863: 6708023. 72113.6740 34cÞ475 613- 3-677241 
65213+6676397 687;3-670895 0j4722[3.6741260}4757}3-677333? 

1455 33-5977 33114688 3.6709876147233.6742179}475813.677414 
54]+5667826414689 3-6710802[472 413-6743099|47 5913677515 

; 6558-$679197 690/3.6 671172 472 513 674401 8 14750 3.677606 
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48 31 | 
| Soadarled2s 3.6841 26g 486713.6872613 
4763i3-677 8806 47935651 06021483 3]3-684216$4436$ 36873506 
764(3-677071 $14799 3-6811507[4834(3.68430661]4869 3.6874398 
16513-6780629|4500'3.68124121483513-68439651487013.63752.90 
7661346741 540]4 30113-68331 7]4836|3-68448$6: 
76713-678245 214 802 3-6814222[48353:6845761 
768[3.6783362 4803/3.681 5126]4838[3.684665 9|- 
476913678427 34804 3-638160 3014839 
70;3-6785 1 34j4805;3.68169 34148401368: 
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$8 213.6885 97 
$13\3.6824159|4848[3.6855 626 $8431/3.6886867 
814 3.6825061[4849[3.68565 22}4884[3.6887756 


3-67951 871481 613-6826865|4.85 113.685 831 3}48561j3.63895 35 
3-6796096]48171[3-6827766|485 2]3-685 9208[48/87|3-6390423 
api Lins $1 $]3.6828668[4853[3.6 860103]4888j3.6891314 
3-6797912148191}3-6329569]485 4{3-6860998[4889j3.68g2200 

85]3-6798819]48203.6830470/485 5]3 6361892}4890[3.6893089 
3-67997271482113-68313711/4856|3.68627871489113-6393977 
3.6800634|4822[3.683227214857[3.6863681[4 59 213-68 94864 
3.68015411482 3]3.6833173[485 $[3.6864575|[4893|3.56 395752 
3-6802448[4824(3.6834073/485 913.6855 46y|4894|3-68 96640! 
479036803 3 55]482513-683 497 31486013.686636 31489513 6397537 
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3-68042 6214 82613.68 3587314 86113.68672 56148 961]3:6898414 
3-6805168[482713.583677 314862[3.6868149]459713-6399301 
3.5806074|482813.683767 3/486313.6869043|4898|3.6g0o0r8g 
479413.68069801[482913.68385 72/4864{|3.68699 3614899 3:690107,| 
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3-6902847|49363-6933752þ4971 
992[3-690373 3/4937j3+6934531 
92313 6904619\4938;3.693FF11 
3.5905 5051493 9{3-59363g0 
513:59<6399[4949/3-09 5 726914973 
3-69972751[4241[3-6933148[4975 
713-9998 i 6114942(3-$2 3992714277 

3-6909046(4943[3-6939996]497 0 


3+2999930 


3-6919815 


3.6911699 
$.6912584 
3-691 3467 
3-091,4353 


4944 3-6949735979 
494513-594165 3/4986 
4946/3-6942541]49 1 
494713 69434194982 
4948,3-6944297/4983 


3-6916119 
3:6917002 
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3-691 8768 
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49493-59451 74/4984 
495913:5945052.49 35 
4951/3-5946929.4986, 
495213-6947806 4987 
495313-694368z\4988 
49543-69495 69:4989 
4955]3:6950437'/4990 


3.6921416 
3.69222905 
3-692 310 
3-692 4062 


3-6920534/4956 3-695131 34991 


4957:3.6952189 4992 
4958 3.6953065 4993 
4959 3-0953941 4994 


3-592 4944 
3-6925825; 
3.6926707 
3-6927588 


© 3.6928469 


3-6929350 
3-6930231 
3.6931111 
3.6931991 


1496 9,3-6962690;5004 


+13.60967055 
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3-6964438 
36965 31 
3 6966185 


3-696793! 


3-6968804 
3.0969676 
3.0972549 
3.6971421 
3-3972293 


3-6973105 
3.0974037 
3.6374909 
2.6975750 
3.597665 2 
3-09/752, 
3.6978394 
3.697 9264 
3.69dO1I 35 
3.5981005 


3-6951875 
3.69$2746 
3.6983616 
3.6984485 
3.6955355 


4960 3:6954517 4995 
4961/3-6955592/4996 
4962;3-6956 5684997; 
4953 3-695 7443/4998 
my 3.6958318 4999! 
4965 3-09F9i93i5000 
4966 3-6960057;5001 | 
496 713-0960942;5002 
4968.3.6961816 5003 


3-69 5522.4 
3-69870g, 
3 699796. 
3.698083 
3-698970c 


3-6990569 
3-6991437 


F13-5932 872) 


4970 36963 564\5005| 


3.69923o5 
3-6993173 
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jJ014]3: 
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5020 
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)©O22 
5023 
5024 
5025 
FO26. 
5027 
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5030 
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FO32 
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5056 
5037 
503 
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36994041 
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3+2994908 
3-0995716 
50990643 
3*?9 250 


zo F005 307 
3 -700617; 
3:7007037 
3 7007902 
[3-7 00876} 
3-79009632 
3-7010496 
37011361 
3.7012225 
Z.-7O Il 3089 
3-71 3952 
3-7014816 
3-791 5680 


3-7017406 
3-7018269 
3.7919132 
3-7 019995 
3.7020857 
3.7021719 


3+7023444 


3.702430 


347016543 | 


« A © a R © 4. a —_ 


jJ- ww 25  -Þ -j © w 


o»l- 4 


\."_+. L.A. BB... 3 #_... 9. . i... Ot. Te SR Toe AJ a wa 
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Caulllias 6, 


Logarithm. 


3.7025167 
3,7026028 


[3.7026890 


3-7027751 


2.7028612 


37029472 


3.7031193 
3.7032054 


$-7032914 © 


3$-7933774 
$-7034533 
3-7035493 


3-7036352]5 
$-7937212150 
5 613-7038071 


3-7038929 
3.70397 88 
3-7040647 


3-7930333Þ 


3-7041505 
3-7042363 
3-7043221 
37044079 
37044937 
3-79457 94 


3-7046652 
3$-7047509 
3-7048366 
3-7049223 


3.7050936 
3-7051792 
3.7052649 


| Rp Ee DIES. A. - Bn. 9 4 A 0. 3 .%. . © B.- 


4444, 
5.7054 360 


3.70500 80 


Logarithns. 


——— —— — 


3-7@55216 
3.7056072 
3.7056927 
3-7057782 


3-7058637]5115 


37059492 
37960347 
3-7061201 
37062055 


3.706291c|5 


3.7963764 
3.7064617 
3.7065471 
3.7966324 


3.7067178 125 


3-706803Cc 
3.7068884 
3-7069737 
3.7070587 


3.7071442 


3.7072294 
3-7073146 
3-7973998 
3.7074d50 


3.7075702 


3-70705F3 
3-7077405 
3-7078256 
3-7079107 
3+-7079957 


5107 
FIoS 


3.70 80808 


3.708165c|5 


3.7082509 


5109j3.7083359 


51101j3.7084209 


FI36 
FI 37 
F138 


Lo garithm. 


— _ ——— — 


3.7085059 
3.7085905 
3.7086758 
3.7087607 


3.7088456|F150 


3.7039305 
3-709oIF4 
3.7091003 
3-7091851 


3-7092700|5155 


3-79293548 
3-7094396 
3-79095244 
3.70960g1 
3.7096939 


3-7097786[51 


3-7098633 
3.7099480 
3.7100327 
J.7IOTI 74 


159] 
51403 
5141:3 
£43) 
$143, 


3-7102020 
3.-7102866 
3.-7103713 

3-71045F9 
3-7 105 404 
3-7106250 
3.7107096 
37107941 
3.71087856 
3.7 109631 


F164 


5165) 
©7166 
5167, 
5168. 
5169 
117093 


51 713-7135745 
$172j3-713658F 
F17313.7137425} 


31743 


7110476 
37111321 
3.7112155 


51443-7113010 


5145|3.7113554 


F176,3 
3177 


$I79 


51890 


i een 


3e-7IT5 542 
3-7116385| 
3-711 7229 
3-7118072 


3.71 18915 
3-71I9759 
3.7120601 
3-712144 

Z-7£25008 
3-712312 

3.7123971 
3.-7124813 
397125655 
3-71320487 
37127339 
3.712818c 


ER: 6, 9104) 


3.7140782 
F178 


3-7129021 
3 7129862 
3-71 30705 
3+7131544 
13-7132.385 
13*7 1332X3 
3-7134965 

3-713 4995 


SIE WU 


3-7138264 


7139943 


3-7141620 
37142459 
3-7143298 


C 


*-3 


— vu de CO 6; SR. 


[3-7 144974 


$13-71 47458 
$[3-7145325 


-13-7160033} 


$[3-7164207 


013-7168377 


CuſlTtas 


6. 


3-7144136 
3-7145812 
3-7145650 


3.7149162 
3 7150000 
3-7150837 
Ze EFL07Y 
3-7152510 
3-7153347 
3.7154183 
Z3-7155OI9 
37155856 
3-715669g1 
3: 7157527 
3-7158363 
32.7159198 


3.7160869 
Je7161703 
3-7162538 
3-7163373 


3-7165042 
3.7165 876 
3.7166710 
3-7167544 


F216 
5217]; 
J21* 


$221]3 
E222 
5235 
$224 


Zerit 


5228 
3229 
5230 
5231 
5232 
F233 
5234 
TEND 
5236 
F237 
5239 
5239 
5240 
5241 
F242]3 
3243 
F244 
5245] 


3-7169211 
3:7170044 


5246 
Me 74 


3-73 79877 
37471710 


273725435) 


5 248 
5249 
J2FO 


F2I9 I 
3220 


5325[3-718 


39176369 525713 
z : Ae re FEE 


3.7185 $43715265' 
3-718667715 267 
3-71 8750715268 
3.71883375269 
3-71 391675270 
3.71899961[5 271 
3.7190826|5272 
3.7 19165515273 
3-7192454|5274 
3-719331315275 


719497015277 
3.719579905278 
Abs ht <4 

Zo 94 


Fears, F282 
3-7199938[5283 
3-7200766|5284|} 


3.7201563'5285 


i anal FG 


3.7184186|5264 
3-71 850175265. 


3-71941425276]3 


um |Logarithrs. [Num 


3-7204074;5288 


3-7204901 


3-72065 54 

3-7207380 
J3-7208206 
3-7 3090 Z2 
3.7209357 
3.7210683 
3-7211508 


3.721223 
; 


5291 
F292 
5293 


5296 


F298 
3-721315915299 
PET ILY 
3.7214809 
3-7215633 
3 7216458 
J-7217282 
2.7218106 


| —”————— ——— c—— __— 


3.7218930 
3-7219754 
3.7220578 
3.-7221401 
3.722 3225 
3 72230485311 
3-7223871'5312 
lat 6 DE 


3-7227162\5 
3-7227954; 
3.7228 06/5318 


528g . 
32991572345 


5294 * 
3295137 


529713» 


5 309 
F310 


7 9]3-7225517;531413- 
©0[3-722633 9F315 Zo 
FZIO]3.7! 
F3 1 7137 2 56667 


Logarithm, 
3-7202420\F2 2$6|13-7231z 
3.7203247.5387 . 


5300[3. 


3-7 246035 
$13-7246554 
3.7247672 
37248491 
3-7243309 
J3.7250127 
EX ann hte} 


3.72320450 re 


-” 


= 4 


IS wm OGOoHJU Son [ © 


Jo = ——__o»> 


Lo 


CHlliaAs 


GO, 


Num {Nuin| Log ariobm. 

532113+-7259933 

$32213-7260749 
323 3-7261565 
$3243 $7262 300 
$32513: 726319615 
$3263-7264012 
$33 713-7 254827 
5328]3-726564: 

$329]3+-7 266457 
$33913+7 »726727215 
(33113: 72680d7 
$3323-7268901 
$33313-7269716 
$33413-72705F 31 


$336-7272158 
$33713-7272972 
$33813-72.7 3786 
5339 


$3493:7275413 


$33513-7271344 


37274599 


Wum 


5356 
3357 
5359 
5359 
360 
5361 
F362 
F363 
5364 
$365 
F366 
5367 
5368 
5369 
5372] 
3371 
$372 
$373 


3375 


13347 


3.7276226 
3-7277039 
3-7277 352 


$341 
5342 
3343 
j344 
f345 
5346 


3:7219477 
3,7280290 
3.7281101 
$348 
3349 
$350 


J-7282726 


3-7278664 


-7281914 
3-7283539 


5379 
337713 
F378 
3379 
5380 
5381 
5392 


5383 
5385 


$374 


F384 


Logarithm, Num 


— — w_—_—— 


3-72 88406|5391 
3-7289216|5392 
3-7290027[5393 
3-7290838[5394 
3-7291643|5 395 
3-7292458[5396 
3-7293268|5397 
3-7294078(5 398 
3.72948 58j5 399 
3:729569715490 
3.72965071|5401 
3-7297315[5 402 
3.72g9>125|540; 
3-72959 34/5 494 

729974315 495 


3-7300551/5406 
3-7391360.5407 
3.7392168 5408 
3.7302977,5405 
3-7393785 
3-7 39459313411 
3-7 303 490,54T2 
3.73062085413 
3-7307015 F414 
7202522 £475 
3-73086305416|3 
3-7 399437,5417 
3.7310244 5418 
3-731105115419 
BE Lhbs 25 


F351 
5352 
335313 


3.7285161 


3354 
3355 


3-7284349 


3-729597215 
3-7286784 
3.7287595 


5386 


388 


5387 


5389 
5390 


3-7312663;5421 
3-7313470,5422 
3-7314276;542 3 
3-7315082,542 4 


5410 


Logarithms. | 
3.7316693 
3-7 317492 
3-7318 ,04 
3-7319109 
3-7 319914 
3-7 320719 
3.7321524 
3.7322329 
3+7323133 
3-7323938 
3$+7 324742 
3-7325546 
3-7 326350 
3+] 327153 
$-7327957 
3-732 8760 
3-7329564 
3-7330367 
3-73311709 


7331973 
3$*7 332775 


-- 


©7 33 357% 


3-7334380 
3-7335182 
37335985 
37336787 
37337588 
3-7338390 
3.7339191 
3-7339993 


Num 


5426 
5427 
5428 
5429 


$432 


$431 
5432 
5433 
) 434 
2435 
F436 
$437 
5438 
5439 
22740 
5 441 
5442 
5443 
#444 
3445 
5446 
5447 
5445 
5449 


5450 


5451 
5432 
5453 
5454 
F455 


3-7 349794 
3-7341595 
3-7342396 


5456 
5457 
5458 


3-7 343197 


3.7315888;542513 


7343997 


5459 
5 460 


Logarthm. 


3-7344798 
3+7345590 
3-7 346398; 
3-7347198 
3-7347998 
3-7348798 
3+7349598 
3-7359397 


3:73 51995 
367352794 
3-735 3593 
3-7354392 
3-7355191 
37355989 
3.735678 
3-7357555 
3-7358383 
3.7359181 
3+7329979 
3.7360776 
3-7361574 
3-7362371 
3.7363168 
3-736 3965 
3-7 3647 62, 
3-7365558, 
3-7366355, 
37367151 
3:7 367948 
37360748 
3.7359540 
3.7379335 


3-7351196| 


| 


3e737TLT3E 


C:C4 


3.7371926}; 


Num{Logarihn. 
| uh et nbd al 


51 Y. 7372722 
$48 3-737351 
1463]3-7374313 
$464[3-7375107 
$46513-7375.992 
5465|3: 37376696 
546 713-7 377491 
5468]}3. 7378285 
546913737927 915 
$47013+7379873 
$471 7380667 
5472[3-73$1461 
5473137392254 
$47413- 738304 


— ——_— —- ———— _—_—— 


[5476|3- 738463 

5477137 385427 
547813-7 336220 
547 13-7 38701: 

3480]3- -7 387806 
$481 3.7388598 
$432 3-7389390 
$48 313-7 390182 
1548413 7390974 
5485]2-7391766 
5486]3-7392558 


543813 7394141]5 
548913-7394932 
$4993:7395723 
1549113-7396514 
1549213-7397305 
15493]3- 739809615 
| $49. 3.7398886 


Num{ 


F 490 
5 497 
$49c 
$499 
5500 
5 FO I 
5502 
3593 
504 
F505 
F506 
5507 
5503 
FO9 
551O 
FSI 
FFI2 
FFI3 
F514 
J5T5 
5F16 
j5SI7 
FFr8 
5519, 
5520 
EIN. 


5487]3- 17 399351552 


F523 


3525 
5526 
$327 

528 
$529 


$3 30 


5524 


Cnirias 6. 


Coparithe. 
$7-74094575 
13-7401357 
3-7492047 
$.7402837 
3:740362 7 
3-7494416 
3-7 405296 
3-7405995 
3-7 4967 84 
3-7407573 
3-7408 362 
3-740915F1 
3-7499939 
3-7410728 
37411516 
3.7412304 
3-741 3092 
3-741 3880 
3.7414568 
3741545) 
3-7416243 
3-7417030 
3: .7417817 
3.7415604 
3-7419391 
3-7420177 
213-7 420964 
3.7421750 
3-7 422537 


"em —_——_ —— 


5531/3 7428037 


$F333- 7429607 
5534,3-7430392 
$535/3-7431176 


$5363- 3.7431961 


55373: 7432745Þ 


5538 
5539 
5 $49.3-7 
5541 
F542 
F543 
5544 
F545 
F546 
F547 
F548 
F549 
9350 


3-7433339 
37434314 


Num Lager |? 


5532 3-742882215 


3.7435098|yS7S 


3-743'5381 
3-7436665 
3-7437449 
3.7438232 
3:-7439015 
3-7439799 
37440582 
3-7441 365 
3.74421 47|5 
5:7445 930 


3-742 33235560 


3-7424109 
3-7424895 
j3- 7425 680 


3-7426466 
_—_— 


3-7443712 
3-7444495 
3-7445277 
3.7 446059 
3-74458411FF 


3.7447622 
$-7445404 
3.7449185 
3-7 449967 
3-745 0745 
3-7451529 
3-74523310 
3-745309g1 
3:74538071 


F564 
FF65F 


| 


5581 


558213.74578g8 
5 58313.7.468676 
F584/3-7469454| 


F585) 


— 


35S9gT 
559213 
F593 


5595 
F590 


559713- 
559813. 
5599]3- 
5600'3, 


013-745 3552 


(2-7 464785 
F579 3-7465564 
5580! 


Ss 


559517 ; 


HL 


37455432 
3-7456212 


3-745599? 
3:7457772 


3.7459332 
3-7460111| 
3-7460890 
3.7461670 
3:7462449 
3.7463228 
3-7 464906 


3-7 466342 
3-7467120 


3.7470232 
3.7471099 
3-7471787 
3-7472564 


AAAS: — CAS CAIRO 


' 1549$"3+7399577 


37454652 


—R—RIEmn_ WY ——w IEP ew A -  ; 


Culllas 6. 
Num} &ogarichns. {Num |] 


5776 3-7616272\581113. 
$77713-7617924/581213- 
5773-7617775 


lum Logarub n, 
3-766858zg 
37969331. 
3.767007 


Num Logarithm, oo 
57403 37589875 
$74213- 7590632 
5743/3 7591388 


3.7644003 p 0.48 


5744 


— 


5750 


3.7592144 


{ACTA Da? Ars 


3-7593656 


ST7 

5780 
5781 
F782 


$.7594412 
3-7595168[5 
3-7595923 


3753 


3753 


 9/3-7596678 


37597434 
3-7598189 
3:7598944 


$7 $43-7596699 
$75 5$13.7600452 
$756, 3.7601208 
57573-7601962/ 


575913 


15750 
5761 
F762 
5763 
5764 
5765 
F766 
5767 
5768 
5769 
$770 
F771 
F772 
$773 
$774 


3739 


3.7602717 
3-7 693471 
3.7604225 
3-7004979 
3-7605733 
3.7606486 
3-76072.40 
3-7697993 


3.76087 46 


3-7609500 


3-76102F3 
3-7611005 


5783 
5784 
5785 
578613 

5787 
5788 
5789 


5790 


379! 
5792 
3793 
3 


5797 
5798 


5 Soo! 
5801 
5 802 
5803 
5 804 


3.761175) 


5805 


[3.762 8286 


194} 
17295j2: 
9796; 
3.7632033(5832 


3-7612511/5806|3 
3-7613363|5 807 
3.7614o16ſ5 808 


3-7618527 
57619278 
3.76200 30|58 
3-7620781 
3-76215 32 
3.76222$3 
3:7023934 

3:7623784 
3-76245 35 
3-7625285 
3-7626035 
3. 7626786 


3-7627536 
3-7629035 
3-7929785! 


|— _— ———_ -___—____ - 


3-7631 284 


5831 
3-76327 82/5833 


5799 3-763353115834 


5835 


 —_— _ uw 


Ze ny 
3-7635929.5836 


4; .7644759Þ 84913 


2113-7649976 
13.7650723 
[3.7651468 


25j3:7652959 


3-7645497|5 $50 


3.7652214 


3-7653705(3 861 
3.7554450]5 862 


5855]3-7675269 


3-7655195|5 $63 
3.765 594115 $64 
3.7656686 5865 


3-7657430 
3.7658175 
3. 7658920 
3.765 9664 
J- 3.7662409| 


3 3-7662153| 53 5871 


3-763577715 837 
3-7636526,5838 
3.7637274 
if -7633022 


.7638770 


5841 


775 


3.7614768 —_ 


3.761 552015810 


3-7661897|587213 
3.7652642[5873 
5 $3913-7663385[5 874 
5840[3.766412 


5866 
586713 
5868 
5869 
5370 


5875 


3-76 99079 


3-7639518|5 842[3.7665616 
3.7640266|5843[3.7666359 
3.-7641014/5 84413-7667102 
3-764176115 845}3-7667845 


5876 
5877 
587d 
5879 


7 664872 


«7670815 
3-7671559 
3-76723ol 
3-7673043 
nt, 

37674527 


3-7676011 
4 7676752 

3-7677494 
3-7673235 
37678976 
3-7679717 
3-7 680458 
3-7681199 
3-7681940 
347 7682680 
I 7683421 

«7684161 
3.7684901 
3-7685641 
3-7686381 
3.7 687121 
.7687860 
3 «7 68600) 
3.7689339 


3-7 690318 
3.7 691557 
3.7692296 
37693035 


5880 


3.769377} 


oc. 


Nw www _w_ FW — ww IC _fg ye ew wow CP | 
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CHIllias 7, 


5888 


——_—_ — —— 


3.7694512|5916 
213-7695250915917 
3-7695988[5918 
5884/3 

[3.7697465[5920 
$613-7698203[5921 
3.7698940]5922 
3-769967815923 
5889]3-7790416]5 924 
$g0[3+770E1 FYF925 


Lagerithms. (Num|Legarithm. | 


| — 


76967275919 


ou — 


15891]3-77018 gaſ5 926 
5892]3-7702627]5927 
5$9313-779336415928 
589413-77 9410115929 
589 9377243815930 
589613-7795 57515931 


— — — 


590 


5906 
wt 


53993+779778415 934 
59003-7723 52005931 
$90113-779925615936 


5903j3-77 1072 81593 5 


3-771146315939 
3-7712934|5 941 
3-7713670]5 942 


3-77158751]5945 


—— | —— - 


3.77202 82 
3.7721016 
3-7721750 
J-77224d3 
SETEISED 
$+7723951 
3-7724684 
3-7715417 
3-7726150 
3-772 6884 


Num [Lo garithns. 


Num 


59513-7745 8995 986 


5952 
$953 
$954 


5956, 
3957 
5958 
53959 
5960 


595 513:774 


3.7746629 
3-7747359 


3-7 748088 
$8818 


347749547 
3.7750276 
3-7751005 
3+7751734 


3-7727616 
3-7728349 
3.7729082 
3-7729814 
37739547 
31731279 
3-7732011 


5961 
5962 
5963 
5964 
5965 
5966 
5967 


3-7732743 
37733475 
3-7 734207 
3-77 34939 
3.7735670 
3.7736403 
EhhetIS, 
þ.7737864 
3$-7738596 


3.7753191 
3-7753920 
3+7754648 
3.7755376 
3-7756104 


5987 
59 55 
3 989 
5990 
F991 
5992 
F993 
$99 4 


3:775$2463]5995 


5996 
5997 
5999 
5999 
6000 


nt 
haha 015 
3-7772093 
3-7772810 
3-777 3543 
37774268 
3-7774993 
37775710 
3-7770443 
3.7777167| 
3:777789: 
3.77 78616 
3-7779340 
3-77 80965 
3-7780789 
3-7781513 


— 


| = EDS _mmmmnm—o—_ 


3.7756832(6001 
3.77575 60[6002 


596 


3-77 58686080 3 


F969]3+-7759916 
$9793:7759743 
597113-77 60471 
597213-7761198 
597 43-7761935 
$97413.7 762652 
597513 7-763379 


600F 
6006 
6007 


6004 


3-77 82236 
3.7782.960 
3-7783682 
3-77 84407] 
3.785130 
3.77 5853 
3-7786576 


15008 


6909 
SOLO 


3-7787299] 
3.77 $8022 


3-77 8745 


597613.7764106 


3-7739326 
3.7 740057 
3-7 749788 
3-77415T9 


97118-7764833 
$97813-7765559 
F97 3.7.7692 86 

3:7767012 


3-7 742249 
3-7742979 
3.743710 
3-7 744440 


3.274170 


LEAD | 

$981 37766738 
598213-7765464 
5983137769190 
598413:77 69916 
5085134,7779642 


SOLL 
6012 
6013 
6014 
6OI 5 
6016 
6017 
Gor? 
6019 
6020 


3.7 789467 
3.77 99190 
3-7799912| 
3-7791634 
3.7792356 
3-77930758 
3.7793 800 
3.7794522 
3-7795243 
3.7795965 


4 


CulLllas 7. 


SIS 
113-7 7966866056 


2613. 7800291 
713.7 8010I2 


913-7 $0245 3160964: 


13-7 808212 


$.77974986057 
3.77981 296058 
3.779885069559 
3-7799571,;5060 
6061 
6062 
$063 


3.701732 


3.7802173'6065 


Logarithw. 
3.7821859 
3-7822576 
37823293 
3.7 824010 
3-7824726 
5.7 825443 
3-7826159 
3.7826 876 
3-7827592 
3.7828308 


3.7 80389316066 
3.7 8046136067 
3-7805 33366068 
3.780605 316069 
3:78967736070 
3-7 90749 2 6071 
6072 
3-7808931[6073 
3.7809650 6074 
3-7810369 6975 


1]3-78110886076 


713-7815400 


3-7811807 6077 
3.7812526 6078 
3-7813245(6079 
3.78 129636080 
3-78146 oIj6oB1 

6082 
3.78161 186083 
3-7816836/6084 
3-7817554|6085 


3.7829024 
3.7$29740 


Num 
6091 
6092 
6093 
6094 
6095 
6096 


13-7851 974 
609913e7852586| 


Logarithm. 
3-7846886 
37847599 
3-7848312 
3-7849024 
3:7849737 
3.7850450 
3.7851162 


3.7853290 


Legarithn, 
3-787177 

3-7873188 
3.7873896 
I 303-7 874605 
3-775 313 
3-7876e21 
3-7876730 
3-7 77438 
3787814 


3.730456 
3.731171 
3.78318587 
3.-7832602 
3-7833318 
3.7834033 
3 


3-78361 78! 
3.7836892 
3.7 837607 
3.7838321 
3.739036 
3-7839750 
3-7 849464 
3.7841178 


$7834748;6109 
3-783<463'6110 


6103 
$104 
6105 
6106 
6107 
6108 


GI1I 
6112 
6113 
Hs 
6115 
6116 
6117 
6118 


3.7 841892 


3.7842606{612c 


6119 


CR —_y—— 


3.7 818272 6086 


3-7818989 


6054 


6ogs5 


6087 
3.7819707608 
3.7820424\6089 3-7845469 61 24 

15090 3-7846173 6125 


3-7$44033 
37844746 


3-78433196121 


6I22 
,G123 


3-78660g5 


3-7854010 


3-7854722] 


3-7855434 
3.7856145 
3.7856857 
3-7857568 
3-7858279 
3-78583990 
3.7 859701 
3.786041 2 
3.7861124 
3.7861833 
3.7862544 
3.7863254 
3.7863965 
3.7864675 
3.7865385 


3-7 866805 
3.7867514 
3-7868224 
3-7868933 
3-7869643 
3.7$70352 


6149,3-7 888045 


3+7 pal 
3-9 879561 
3.7 880269 
3.7880976 
3.7881684 
11378 TH 
3.78$30g8 

3 3.7 883805 
3-7884512 
3-7885219 
3-7885926 

6147 13.788663 
6148 37387339 


G1 FO 3+7 888751 
615 113+7 889457 
6152j3-7590163 
615 313-7 899869 
6154 3-789157) 
G1 5537892281 
6156'3.7 893986 
6157;3-7993691 
6158,3.789439] 
5159 3-7 95103 


3.7871061 


61603.7895307 


£3-7S21141 


 Curz TAs A 


16: 


161} 


25]:7213397 


9 3.7916906 


k 2%) het 


3896513161 
3-7 397217 


Os O— — —-—- WW 


3.7909182 
CaongBty 
3:791053>7 
3-7911290C 
3$-7911992 
3-7912695 


3-7914099 
3-7914801] 
3 79155030 
3J-7916205 


3:7917608 
3.7918309 


3.7919712 


um 


nt? 5d be ee 
5200[3- $+-792 3917 5235 
620113-7924617 5236, 


a Logerabes. 


3-7947668 
3+ 2794365 
3.7949061 


6202]3-7925318 52373 7949757 
6203]3-792601516238/3.7950454 


1620413-792671815239 
6:05þ-7927418]5240 
62061[3-7928118[5241 
620713-7928817[9242 


315 208]3.7929517]5243 


620913-7930217[6244 
70j9210].7930916[6245 
S211}. 7931615[624 
6152 1213-7932 31416247 
62131}3-793301416248 
6:143-7933712[6249 
5215j3-793441115250 
6216/3. 79351lloſ9251 
6217j3-7935©09j6252 
62183. 
62193-+ 


5224'3; 7939300 5257 
622 313-793999 [8258 
62243-7940696]6259 
puny 3-7 941 3946260 
6226 6;3- 794!09' 6261 
6227:3.79427891]5262 
22 SGs 7943480626: 
$22963.794418 6264 


3 «792041 {| 


3-795I150 


3.7951846 


37952542 
3-7953236 
$-795 3933 
3.7954632y 
3-795 5324 
3.7956020 
3+7956715 
3+-7957410 
3.795105 
3-7958800 
3-7959493 
3-79601 9c 
.7960884 
1961579 


þ 
62 5:30 3791795423] 3 7962273 


3.7962967 
$.799366:. 
3.7994356 
3.7965050 
$.7965743 
3-7966437 
3+799715:1 
3-7-967824 
3.7968517 
3.2969:1} 


5230}3. 79448 5016 265 


Num 


526613. 
2257 
3268 
62.69 
6270 
9271 


Logarihms. 


3-7969904| 
3+7 9709597 
3+797129gc| 
3e797198;, 
37972675 
3.7973368 
379740609 


6272 
6273 
9274 
2275 
6276 
927 

6.78 
2279 
289 
5.81 
»282 
$283 
5284 
528513 
5286; 
5257, 
5298! 
G2 289) 


6291 
629} 
6293 
6294 
9295 
5296 
6297 
5298 
$299 


5 JO! 


6290.3- 7985506 
113-7987197] 


3-7974753{ 
37975445 
3-7976137 

þ 
3. 7975829] 
3+797 75211 
3-7978213 
3+-7978905 
3-7979596 
3-7 98023 88 
7900979 
3-7981671 
3-792 362 
3-7953053 
3.7 983744 
3-7984435j\ 
3-298F125 
3.798516 


3.7907887 
3.7/88577 
3-7989«67| 
3.79®9957| 
3-7999647 
3.7991 337| 
3.7993 027 
3-/992716 
3-7993405] 


Cuarnymaas 


7 


un 
$301] 
6302 


$303 
63043 


5306. 
5308S 


15309 
5310 


3-7994095 
3-79947 84 


3-7995 47315 


3:7996162 


530513:7 7995851 


673+ 7997540 
6307;3- 7998228 


3-7998917 
347999605 


TH137 8o00g82 6 


3.8001670 


3133. 8002358 


Jo $003046 
3:5003734 
3-8004421 
3-38005109 
3-3095796 
3.8006484 
3.8007171 


113-3007858 


3.800854F 
3.80092 32 


6324 


6325 
2 JS 8011292 C 


3-8009919 
;K SoloGog 


3.8011978 
3.8012665 
3-801 3351 


0j3-8014037 


Jo _——__—_ 


tLogarit bu. 


3.8014723 
3.8015409 
3-8016095 


|? 334 
6335 


3.8016781 
13:8017466 


-[3-8026369 


013-8027 3716, 


[3-8 8031156 


013-8034571[6 


5374 
53372 
2373 
5374 
5375 
5376 
5377 
6379 
6379 
6380 
5381 
5382 
6383 
6384 
6335 
6386 
6387 
6388$ 
6359 
6 3903-0 


3:\8018152 
3-801 8837 
3.801952. 
3-8020208 
3.502089 3 


3-8021578 
3.8022262 
3.802294 7 
3.30023632 
3-$0243r6 
3. 3-8025001 
Z3-8025685 


3.8027053 


3.8028421 
3-8029105 
3-8029789 
3-8030472 


38031839 
3.8032 522 
3.8033205 
3.8033888 


3-803593716397 
3.80366191[6398 
3-8037302 6399 
Js 3-8037984 6400 
3» $938666 6401; 
3-8039348[6402 
3-80400311]5403 
3:5049712[6.404| 


Num £2 


3.$042076/649 

3.8042758,6407 
3-804J439640 
3.80441 21,6499 
3-3044802]6410 
38045483 
3 $046164 
Jo -$0465451641 3 
3-3047526,6414 
3, 3.$048207 
[305048887 
3-$049568 
3.80502 48 
3-3050929 
3-805 1609 
3.30522 896421 
3-8052969|56422 
3-805 364964233 
Ze ducts 424 


Ferenc 


3-8056368]6427 
3-805 7047[5428 
NITPOD 6429 


3. BogaoBy[cy 
3-8059763[6432 
3-8060442[6433 
3.8061121 
Js 3-8061 8006435 


3. 38062478 5436 


3.80631571[6437 
3.80638 35[5438 


3.8041 79416405 


DIES: -8971967 


3-$a658 
Z + 806654; 
3. 8067225 
3s +806 7903 
3. 38068589 
3.8069258 
3 8069935 
3.8070612 
3 -8071ago 


rote 
, 


3-8072643 
3.80733210 
3-8073997 
308074674 
3.8075 350 
3. 8976027 
3.807670z 

077379 
3.8078055 
F[3- 8078731 
613. 8079407 
3.8080083 
3.8080759 


3.808144 
3.8082110 


3.80827d5 
3-8083 460 
3-8084136 
3.308 4811 
3.808548 
3. 3:8086160 
3.8086335 
3. 8087510 


3.806451 315439 
2.806519115440 


1% «808819 
3.8088 559 


wn IR WW ww war___=_—__— ee —_ ws or ere eee ee ee CCC 


CuTlillaAas'7, 
arithm. Num |Logarichw. \Num ; Logarithm. 
| 2613.8 381130686511 38136477 Fac $:595% 
$44213-$090207[647713-8113739[6512/3.81 371445547[3-81 60423 
$44313-$09088 164783 $114409]55T 3; 3.81378111554813. 8161085 
64443-80915 5 5164791331 15080 55143: $1 3847$]6549;3- 8161750 
4513-3992 22 915 48013-* SIIF7FO 55153: 3-51 39144 655013-8162413 
6444 3809290 3(6431 3-81 1642c 65163. 8139811 S551 3. 3.8163076 
644713-8093 5771643 1[3-81 17090j55 1 7,3-8140477]55 $2/3-8163739 
$448}3- $0942 50[6483[3-8117760[651 $3. -$141144(555 313- 5164402 
644913-$094 92 415 484[3+ -+$118430[6519 3-8141310 55 54/3- Ro 
7.8095 597]5485|3-8119100Þ5520 3814247655 55;3-8165726 
645113809627 548613-811h769]652113.8143142]5556 3. .$166389 
$45213-809694416487]3-8120439]6 52213 - 81438085 5 5713- 8167053 
645313-809761715488[3.81 21 108]652 313. 3144474165 58 3-$167714 
45 3.8098290 6489]3-8$12177 6524\3.8145140 65593: $168376 
65513 -80g89626490[3.8122447 5805})6560'3.8 3169035 
reel Foga63fIe4erhs $123176 6521613. $146471 $6113-8 8169700 
6457]3-$100308[649213-8133785]6527]3-0147136 562)3- .$170362 
$4.8100980[6493(3-3124454|652$3-$147801 5563;3- $17102 
3-8101653[64943- $12512 31652 9{3-$148467[6564'3-$171686 
6460[3.810232 5 6495138 8125792(6530]3-$14913215565/3.38172347 
646113, $102997 64963. $126460(6531 3-8149797 55663. 8173009 
646213.810367 6497/3- $127129[653213-8150462Þ55671]3.5173670 
$463]3-Sr04342[6498/3-812 7797653 33-91511271656813-8174331 
64643.3105013]649)'3- 81284655 3413.515T791: 65693. 81749937 
0465]2.-dr0 6503.8 812913465 35]3:$152456 55793: 3:$175654) 
$46613-8106357 650T(3+ 8129802 5 3613. $153130 6571 3. $176215 
467] .$107029[6502 3.5130470[553713-3153785|657213.38176976 
3 8107760Þ6503]3.81311 3865 3833.81 544459657 313-8177636 
6504 3-Br31805]6539]3- 815511 [55743-81782 97 
3.813247 365 40]3-$1557776575]3.8178955 
| F41[3-3356441 5 76ſ3-8179618 
3 647213.8110385 55073-8133 808 54213-$157105[6577|3.8180278 
647313: $111056[65083.8134475]6543j3-$157769155781jz3.$180939 
6474]3-8$11172 716509 3.8135143[65 44[3:31 5843365 793-81 81599. 
- 647513.8112395%55103.813'58101654513:8159096\6580tz3:818225 9) 


' 


CHiLllas 


7. 


Num Logarubm. 
6581'3,81 32919 
6582 3.8183579 
6583!3.8184239 
65843.38184898 
6505 3:8185 558 
6586,3,8186217 
65873:8186877 
65883.3187536 
65893.8188195 


[5590/3287 38854 


6591j3.8189513 
6592/3.8190172 
6593(3-8190d31 


16594 3-3191489 
659513.-819214 


Num 


| — 


616 
6617 
6618 
6619 
6620 


Logarnbes.\Num 
3.8205955]6651 
3.82 0661156652 
3.82072608(665 3 
; $0792 4661 
3.-8208580l6655 


6621 
6622 
5623 
6624 
6625 
6626 
6627 
6628 
6629 
6630 


3.83092 30{6656 
3-8209892[665 7 
3.82105486658 
3-8211203|[6659 
3.831 rare 
3.8212514/6661 
3.82 1317016662 
3.8213825]666 z 
3.821448016664 
3-821513516665 


$3.$194123[6633 


2113-58196097[6636 


3.8192 000 631 
3-8193465[6632 


3.8194751]6634 
3-$195439[6635 


0613-6199380 


3.8196755|6637 
3.8197413[6638 
3.8198071[663 9g 
6641 
6642 
6643 


6644 
6645 


3.820004 3 
3.8200700 
3-8201358 
3.820201F 


3.8215790 
3.8216445 
3.8217100 
3-8217755 
3-8218409 
3-8219064 
3.8219718 
3.8220372 
3.8221027 
3.022168 
3.8222335 
3.8222 959 
3.822 3643 
3.8224296 
3.8224950 


6666 
6667 
6668 


1113. 8$202672 
3.8203328 
313-8203985 


6646 
6647 
6648 
6649 


3-8225603 

3.8226257 
3.8226910 
3.822756; 


IS 


3-8205298 


:6650 


Logarithm 4 


3-8228869 
3.822952 2 


3-8230175Þ 


3.8230825 
3.82 31481 


3.8232133 
3.8232736 


3.823343d|c 


3.82 34990 


3.823474? 


3-$235394 
3-8236046 
z-d2356g* 
3.8237350 
3 82 38007 


3-82 56857 
3-$257598 

3-3258154 
3.82 588cz 
[3-8259451 
313.82 60109 
3.3265748 


EE EE EE 


3-0238653 
3-8239305 


3-52 399506 
3.8240607 


[3.82412 <+| 
7 3.824190, 


3.8242560 


313-$243211 


$.9243862 
3 8244513 


3-8245163 
3.8245814 
3-0246464 


9j3-3247114 


3.8247765 


$1]3-8248415 6716 3.8271107 
3.82 4906516717;3-3271753 
513-8249715]6718,3.5272400 
3.82 50364[6719 3-82 7304 


2.822 $216 


2.825101416720 3-$27369}! 


1[3+8261 396 
3.8262044 
[3-$262692 
3-$263340 
3e-8262988| 
6707,3-8$26528z 
6708 3-8265932 
6709 38266578 
6710:3-9267225 
671 113-$2678732 
671213. 8268519 
671 313-$269166| 
67 14 3.82 99813 


6715 3-$270460| 


— _— 


SG > 4a 


Y 
XY Rm A © aa /# a RX A A R869 mw” wm : —_ mm —wC  wC—_@____——C————— —— cc —— —————— CC C COST 


| co pw  — loo i» Oo» 


on NS w 


Cuz 


TAS 7: 


3:8296896 
3.82975 39 
3. $2981 82 
3-8298824 


5c[3.8299467 


Num Lagearithes.| Num 
6791 Js 3-8319337168 6826 
6792 3.8319977 my 


6793 3.8320616 
$794 38321255 
5795 3-3321395 


3.8300109g 


3.8 301394 
3.8302036 


3.8302674 
$[3.$8303320 


3.830 3962: 
3.8 394603 
3.8305245 
3.8305887 


3.83007521]5 


9797 3-5323173 
6798 3,8323812 


$7963. $322534 


5799 3-8324450 
5800 3.8325089 


6820 
6829 
6330 
6831 
6832 
6833 


6334 
6835 


68013. 325728 
580213.8326366 
680333. 83270C5 
5804'3.8327643 
680513 $328281 


6836 
6837 
6838 


nn 


3.8341 663 
3.8342299 
3-3342935 
3-8343571 
3:3 344207 
3.8344 843 
3.8345479 


3.8346114 


3.5346750 
3.8347 355 
3-5348021 
3.8348656 
3.5349291 


6839 


3.5349926 


3.8290463 
7473-8291107 
7483-8291 751 


67493-92923 94| 


3-8306520 
3.8307169 


3 3.8307811 


3.8308452 


3.830909? 
3.8309734 


3-8310375 
3.8311016 


gſ3-$3T1656 


3,.8312297 
3-8312937 
3-8313578 
3-8314218 
3.8314858 
3-8315499 


6759 


5790 


3.8316139 
3.8316770 
3-83174158 
3.831 8058 


3.8318698 


5806j3 
6807 
6808! 
6809 
5810 
S8I1 
6812 
6813 
6814 
6815 
6816 
6817 
6318 
5819 
682013 
6821 
582311 
S823| 
5824 


.$328919 
38329558 
3.8330195 
3.8330833 


3.8331471 


38332109 


3.8334021 


3-8335296 
38335933 


3.3336570 
2.8337207 


3.8227844 
3-$338480 
3:8339117 


3+$8340390 


582513. 


3.8332746| 
3-8333384 


3.833465 9 


3. 3339754 


6840[3.8350561 
684113.5351196 
684213. 8351831 
6543/3- 8352465 
68 44'3.835 3100 
684513-3353735 
6846/3. 8354355 
6847]3-58355003 
68483. 8$45563*< 
6849 3: 835627: 
6850:3.8356906 
6851/3.8357540 
68521j3-9358174 
6853j3- .8358807 
6854;3- 3359441 
6855;3 8360075 
685613. 3.8360708 
6$57,3-$361341 
685813.8 $361975 
685913. 8362608 


<—_—_ 


> Ws I 
PE In 


D 


d 


6866 
6867 


6869 


6871 
6872 
6873 
6874 
6875 
6876 
6877 
(6378 
6879 
6880|3 
688113 
688213 
6883 
6.884 
15885][2 


6868]3- 
6870[3- 


8613-83 79670 


38383453 


G 4 ng 


3638-7416 


-$367038 
3.8367670 


—_—_— —  — 


3.8370199 
3-8370832 
3-8371463 
3-83720g5 
38372727 


3.8373990 
3-8374622 
3-8375253 

3-$375884 


8377147 
{kt 
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yoog[3-845 4981[794013-84757271797513:54972 64/71 1013-351 8696 
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3.881841076531|3-9838317 
3-3818980 765 413.38838885 


—— NO  — — 


3.8820689765713.83840586 
3-88212597658[3-88411 54 
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o 5[3.«! 8867726/7740[3-: 88874101777: 
513-8868 290 774113» 8887971 


LEES 


3.8896378/7791 
3.88969387792 
38897498 7793 
3-8898058 7794 
776013- -8898617 7795 
776113.8899177 7795 
776213-88997367797 
776313» 8900296 7798 
7764|3.89008557799 
7765 3+ 8901415 7800 

7766|3-8901974 7801 
776713. $902533,7502 
3.890 3092/7803 


Lo garithm. 


3-89904769 


3.8905 328|; 


3.8905887 
3.8906445 


3.8907004[78 


3-8927562 
3.8908120 
3.89908679 
3. 8999238 


3-8909796 


3-0910354 
3.8910912) 
3-9g11470 
3.8912028 


538912586 


3.891344 
3.8913702 
3+ 5914259 
3-8914817 


3.8915375|7* 


3-8915932 
3-891 6486 
3.8917047 
3.891 7604 
3-8918161 


3-$918718 
3-8919275 
3.8919832 
3.8920389 
aoN$0946 
3. .$921503 
3.8922059 
3.5922516 


3s 899365 i/7804 
7770:3 8904210 780513. 892 


3-8923173 


7839 


3729, 


11[3-8927066 


j3-3930401 


[13-893539) 


133937618 


5[3-3942390 


Logerabs, 


3-3$925954 
3.832 2326510 


3-8927622 
3.892817 
3-8928734 
3 8929290 
3-8929846 


3.930957 
3-8931512 
3-5932063 
Ze 3-89326:3 
3.8933178 
3. 8933733 
3.89 34288 
33934843 


3+8935953| 
3.8936508 
3-893706z 


3.893817! 
3.9938727 
3-9939281 
3.8939836 


3.-3940944 
3.894149) 
3.894205} 


3 .8 942607 


78 404 


3. 3943161 


—_— JI = eh a SS In nu ace ASS TSD UCC EOEEOWG_DCG ACC RKODCN DCC_EGRFuWHRCOCH RTRNFRW_OEAMORRTMROETTLAETCY 


Cuillias 8. 


Num 


784113 
7842 
1843 
1844/3 
1945 


784813+ 
3-39481.43| 


7849 


Logariths. | 


38943715 
8944268 
3-89445 32 

3.89945370 


3:594592 9/75 


184613: 
784713: 


7884 


18503-8945697/7885 
785113-8949250,7386 
785 213+ Ipgolo 78h 


7853 
785 


7355 


3-5950356 
3o d9g5g0gog 
3.8951463|78 


785613-8952015 
7185 713-3952 560 
785813-3953120 


3-8953673 
3.3954225 


5113-8954778 


3.8955 330 
3.8955883 
3-8956435 
3.3956987] 


3-8957539 
3-8958091 
3-3958643 
3-d959g195 


17913-8959747 


3.8960299 
3-3g96085 1 
3.896140; 

38951954 


7888 
78 89 
7890 
7891 
789213 
7893 


7895 
7896 
7897 


7899 


7 902 
1903 
7 904 
1295[3-0 
7906; 


7894 


7898 


Logarithm, 


'6]3.8963058 


3-8963608 
3-5964160 
3-$964711 
3-8965262 


——— — ——— — 


3.8967466 
3. 3-5968017 
3. 8968568 
3.8969118 
3-8969669 
3-8970220 


3-8971320 

+$971871 
3.972.421 
39972971 


F — — —  — 


3+8974621 


3-8975171 
3-8975721 


3-8977370! 
3-8977920 
3.8978469 
3-897901g 
3-8979568 


33970770179 


9613-89740 71175 


T7934 


7900[3. $976271,7935 


799113- .$976821/7936 


17937 
,7938 
7939 
7 940 


7941 


7907,3-8980117,7 942 
790813. 8980667 7943 
790g 3+ $931216 7944 
7910/3.%g981 765 794513-9000939/7980 


©[3- 0991636 


213-9993827 
313-$994375 


Logarithm. 


3-8982314 
3-8982863 
3.8983412 
3.398 3960 


3-8985058 
3.8985606 
3.8986155 


2C 3-8987252 79 


3.8984509]795c 


Logaruthm. 


IIs — ae 


3. 3-99014836 
3.90020 32 
3$-9002579 
3-900 ZI2F 
3-9903671 
3. .9004218, 
3-9004764 
3-9005310 
3-9005856| 
3» 9006402 


3-$987 800 
3.8988345 
3. -dg88897 
3.898944 5 
3:3939993 
3.8990541 
3.8991089 


3-89921 84 


303. 3.8992732 


3-8993279 


38994922 
3-2995469 
3-899601 
3-899656 
3- +8997111 
3.8997658 
3. 8998205 
3-8998752 
3.8999299 
3.5999 546 
J+ \g000392 


7956 
7957 


7972 
7973 


7975 
7976 
1977 
7978 
7979 


7958[3-900d03g9i 


213-9010223 


013-991 3493 


7970 
7797 I 


1974 


3. 9006948 
39007494 


3-9008583 
3» 3:90091 319 
3: .900967 6 


3-9010767 
3-9OL131 }| 
3-9011858 
3.9012403 
3-9012948 


3-9014038 
3 9914553) 
3.9015128 
3.9915673 
3.9016218 
3.9016762 
3-9917307 
3.9017d5 

3.9018 396 
3.9018940 
3-9019485 


3.8962 505 


Dd 5 


3.9020029 


Cuwillias 9% 


7983 


= Logariibrs, 
198 03:9010573 
7982'\3.903t117 


7984 3.9022205 
7985139922749 
$6/3.9023293 
13-902383 37 
39924391 $02.3 
(3-9024924] 


213.9026555 $027 


——_S a <S —_ 


3-902 1661) 
8o1 
802 
$021 
$022 


3.902 5468jS025 


Nam Legarichm. 


$01613.9039577 
$01713.9040119 
$801913.9040661 


8024/3.9043909 


'T— —O— — 


J-9041202 
39041744 
3.90422 35 
3-9042 827 
3-9043368 


39944450 


| — ﬀ —_——_— —— —— — —  —— — 


3.90260111802 


3.90270g3|$02 8 


3.9944992 
3.9943F533 
3.9046074 


13.90276411$02 


3-9029271 


3-903035718034 
3-9030900]8035 


3-9931443]3036 
3.9031985|8037 
3-9032528|8038 
3-903 30711303 


———_— = "CC — ———— SO III_—= —————  ___—.—_—_—_ ——_—_—_—_—_—_— 


3.922872 0j8031j3-9047696 
$032[3-90482 37 
3.9929814|803 313.9048778 


3.9046615 


Num 
$0Fl 
8052 
$805 3; 
$054 
8055 
$056 
8057 
$8058 
$059 
$060 
$061 
$062 
$063 
8064 
8065 


3.9949318 
3-9049859 


3-9050399 
3-9950940 


13-905 1480 


3-9052020 


3-903 36r 3]8040 


3-9034698 
3.9035241 
3-90357 63 
3-9036325 
A. EIT ISF 


8045 


9 


3-9952 5608075 


3.9034156150411{3.905 3101 | 
$804213-905 3641 
8043(3.9054181 
8044/3-9054721 


3.905F261 


3-9036867 
3-9037409 
39037951 
2.903 8493 


8049 
8050 


3-9039035 


3046139055801 
804713.9956341 
8048[3.9056880 


Logarithm. 


3.9059038 
3-9959577 
3.9060ri6 
3: potriyd be 
3.9061195 
3.99617 34 
3.9062273 
3.9962812 
3.9063 351 
3.9063889 
3.9964428 
3-9064967 
3.9065505 
3.9066044 
3:9066582 

«9067121 
3-9967659 
3.9068197 
39268735 
3-9959273 
3-9069812 
3-9070350 
3.9970888 
22 hol oe od 


3.9072501 
3-9073038 


3-90747 14 
3.9074651 
3-9075188 
3.99075726 


3-90957420 
3-9957960 


3.9076263 
3.9076800 


3.995 8498, 


3-9971963 


3.9973576 


Num | Logarithes 


8086 3-907733 | 
8087 DT, 
$988 3.907841 ” 
808913-907 8948! 
$090[3-9979485| 
$09113.9080023 
$092[3-9080g55g 
80931[3-99810g;. 
$094[3-9981632 
ne lh rt 
8096[3.90 82705! 
809 713-908 3241 
8098[3-9083778 
809913-9084314 
$1 00[3.9984850 
$101|3-9085 386 
$10213-908592: 
8103 3.9086458 
$104 3.9086994 
$r05[3-9087530 
$10613.90 88066 
$107|[3-9088602 
$108[3-9089137 
$109(3-9989673 
$1 10ſ3-9990209 
811113-9090744 
811213-9091279 
$113 3.90gI8v15 


RE co C—_—_ 


811713-9093955 
$11813.9094490 
$1 I'9 3,999502j 
$12013.9095560| 


x "OY 


7 WI 
3000 = 


\ Lane 


© > ©0 WI © 


"—_ 


Oo —— \& + })\o vw -— w_Q 


—_—_— 


CunrLinas 9. 


Num |Logarithn 
$22613-915188 
$15713-9115305]81921}3-913 359913227 3-91 5241 
3-9115837]9193j3-9134430|$220|3.9152943 
3-9116369|8194\3.9134960[5229]3.9153471 
3-91 16902[8195[3:91 35490]$2 303-91 53 998}. 
3-9117434|3$196[3-91 36019 $823113.91545260]. 
3-9117966[819713-9136549]52 3213-91550 54 
343-91 18498|8199]3-91 3707913233 3.9155581 
3-9119030[$19913-9137609|8234[3.9156109 
3-91 195628200 3.9138139 $335|3-9156636 
3-9120094|$20113.9138668|5236|3-9157163 
3-91206261|$20213-9139198[323713-9157691 
3.y121157]$29313.9139727|382 38|3-91 58218 
3.9121689|$204[3-91 402 57|82 3913-91 58745 
3-912 2220]8205 3.9140786|8240[3.91 59372 
3-9122752[5206]3.9141315|8241[3-9159799 
3-9123234|$207(3-9141344|$242 39160326 
3.9123915|820813-91432373[$24313-91 60853 
$139]3-9105710[$1741[3-9124346 8209[3-91 42903152 4443-91 61380 
3-912487$|8210[3-9143432 8245|3-9161907 
7613-9125409]821 113-9143 961 $24613-9162433; 
3:9107311|$177[3.9125940[8212[3-9144489]3247 3-916296 
3.9107844|$17813.9126471|$213 3-9145018|$24813.916345 
3-91083-78|8179[3-91270021821413-9145 547 $2491[3-9164013 
81451391089 1181 Bo[3.91275339215]30914607682 50139104539 
3-9109444|$181[3.912 8054 $21613.9146604j82513-916506 
3.9109977|8182[3-912859518217]3-9147133 $25313-9165592 
3.9110510j8183j3.9129126 $21813-9147661 $253[3-9166118 
3-9111043|51 84[3-9122656 $21913.9148190[$254[3-916664F} 
$150]3.9111576]818513-91 30187 $226 3.9148718)82 5513.9167171 
3.9112109]$18613.9130717 $221;3-91492 468256 3.9167697] 
| 3-9112642[31 $7]3.91312481$22213.9149775$ $25713-9168223 
$15313-9113174|3$188 3-91317788223 3.9150303|825813.9165749 
8154]3.9113707 8189]3-91 323098224 3-915053 1 82 5913-9169275| 
$15513.9114240/8190 3.9132839/8225!3.915 I359 $26013.9169®00 


D d6 


Culllas 9. 


Logarnthm. {Num 
3-9170326:38296 
3.917085218297 
313-9171378j32935 


Logarithm. 
3.918 $68 7 
3-91 8921 
3-91 897 34 


5$13.9172429 


[3-9173479 
[39174905 
13-9174530 
3.9173055 
3.9175580 
[3-91 76tog 
313-9176630 
9177155 
LELYPOvO 
3-9178205 
3-2178730 
3-9179254 
13-2179779 
DIO. 
; [3-91 30823 
-13-9181352 


13 9171903(8: 299 


9;8300 


[3-9172954/8301]3-5 


3392 
$303 
8304 
3305 
$306 
$307 
$308 
$399 
8310 
$311 
8312 
$313 
8} 4 
8315, 


$317; 


3-9182401; 


3.9183449 
3-9183973 
;-91 34497 
3-9185021 
39155545 


3 9186593 
3.918$7117 
3-21 87640 


3-gr 818778318, 


8319 


3-91 82925 $3203-5 9201233 


$321 
$322 


$3163 5 9199145 


3-9190258 
3 9190781 
3-9191304 
3-9191 827 
3.9192 359 
3.9192873 
3-9193396 


Num 
$331 
$332 
3333 
$334 
8335 
8336 
$337 
$338 
$339 
$340 


3.9193919 
3.919444 
3.9194965 
3-9195488 
3-9196010 
3-9196333 
(39197055 
3.9197578 
3.9198100 
13.9198623 


—_ —_— — 


3-9199667 
3.920018g 
3$+92007II 


'J. 9201 T55 


[3,9202337 


3-91 86069 


$32313.9202799 
$324'3.9203321 
$325/3.9303842 
$3263, 9204364 
$3273. 9204886 
832813. 9205407 


$341 
$342; 
$343 
$344 
$345 
$346 
$347 
$34 

8349 
$350 
$351 
$8352 
$353 
$354 
$355 


8329,3- 9205939, 
$330 3.720645018 


8364 
$355 


3 36206971 8366 
3-9207 4932367 
3-9208014|83 


3-92085 35 
3.9299956 
3-9299577 
3.92100998 
3.-92IO0919 
3-92II1140 
3.9211661 
349212181 
3-9212701I 
3J-9213222 
$-9213743 
$f gh 
3$-2214704 
3e921.5 3094 
3 +9215824 
3-9216345 
Fd hes 
3-9217385 
$-921790F 
3.9218425 
3.9218945 
3.9319465 


8369 
3370 
$371 
$372 
8373 
$374 
8375 
3376 
$377 
8378 
$379 
$380 
8381 
$382 
$383 
$384 
8385 
$387 
$388 
3389 
8390 


3-9219984 
3-9220504 
3-9221924 
3.9221543 


(3-£ 9222063 


3.92225832 
3-9223102 
3.922 3621 


Are dit 
[3.9224659 


8391 
8392 
$393 
$394 
3395 
8 396 
$8397 
8398 
$399 
$490 


Logaruby, 
3-92251 I7 
3-92256g8 


6813, 9226217 


3-9226736 
39227355 
3-9227773 
3-922829z 
3.9228811 
3+9229330 
3-9229841 
3.92 30367 
3-92 3os885 
3-9331404 
3$+9231922 
3-92 32440 
3-9232958 
3+9233477 
3+92 33995 
3:92 34513 
3-92 35031 


3-9235549 
3.9236066 
3-923658 
3.9237102 
3-92 37620 
3-92 3d137 
3-92 38655 
3.9239172 
3.9239690 
3-92 49207 
3.9 249724 
3.924124? 
3.9241759 
3.9242270 


3-92 42793| 


2513 9188164 


EE Au oc ey Y ee Vo oppo age ac oa rus ogy ww ce q[” EE”  r " IE>Z” A 
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Cullias 


9. 


Num |Logarithm. 


3-9343 310 
3.92 43827 


3-9244344|' 
4[3-9244 860 
0513:9243 377) 

06[3-9245 3948 


— — —_— 


$41613-9251057 


3-9251573 


13.92.52089] > 


3.9252605 
3-9253121 


2113-9253637 


3.9254152 
3-92 54668 
3-9255184 


25]3:92 55699 
3-9256215|$ 


3-9256730 


9257245 


$-9257761 


[3-925 8276 


Logarichm. Num: 


— — | —ﬀ 


3-92613661]8 471; 
3.9261880[847213 


[3.9262 395]8473 


Logaruhm. 


— — ———  _— —_C{ 


3-9279347| 
«927985 9} 


——_ 


3-9262910]8474 


— —  O—_ — — 


ada as 


gs 


3.9280885 
3:92 51397 
3.9281 gog 
3 +9282422 
39282934 
3-92 834.46 


9284983 


3.92 86007 
3-928651 


3-9285495|8 


Num 


$0/3-9283959]8515(3- 
3-92 84471 ) 


3 927165o[8491 


[3-9272163|3492 
1392726771949 3 


3-92731905494 
3-927370415495 
3-927421713496 
3-9274730[3497 
3-9275243|38498 
3.927575718499 
3-9276270|8500 


3-9258791 
3-9259306 


313.9259821 


3-9260336 


8469 


?.9260851 


8470 


3-9276783 $501 
3.9277296|8 502 


ed 8503 


3.9278321|8504 


2-9278834[>505 


613.9287030 
3-9207542 
$813.92 88054 
3 92508565 


3 9290100 
3-9290611 
3+-929II2}3 


3-9291634 
—— — 


3-9292145 
3-9292656 
3-9293167 
3-9293678 


3-92 94700 


3.9295722 
3.92902 33 


3-9296743 


3.92 8907755 


3-9295211|8 


3-92 94189]05 35 


| Lo Logarithm, | 


3-9297254 
3-9297764 
3-9298275 
3-9299785 
3-9299396 
3-9299806 
3$-9300316 
3.9300826 
3$-9301336 
3.9301 847 


— Cc A  — 


3$+9302357 
3.9302866 
3-9 303 376 
3+9303886 
3 9394396 
3-9304906 
3.930F415F 
3-9305925 
3-9306434 
3:9390944 
3 9307453 
3-930796; 
3-9308472 
3-9308g81 


3 013-93 0949c 


3-9309999 
3-931050} 
3-9311017 
3+-93IIF20 
3-931203: 
3-9312544 
3-93130F; 


13-931356! 


3-9314975 


3-9314579 


| 


Culllas 9. 
m| Logarithne. Num | Cogarichs, 


3-2350536|554 613.936818 
3-93 5104018647[3-936865 
35 43]3-9316104 3-9351 54415643[3-936g15 
85 44]3-9316612 3-9352049164913-936965 
35 455-9317 12135 80j3-9334873Þ61 513-9352 553155 5.013:937016t 
$546[3-9317629]$58113-9335379]861613.9353057]565113-937066 
85 4713-931 813785 82]3-9335885]361 713-935 3561[565213-937 116 
$548[3-931 8645}3583[3-9336392[3618(3.9354065[365313-937166 
85 49]3-93191533584[3-93 36897]3619[3.93545 691$654/3-937216 
85 g0j3-9319661]358513-9337403]3620(3.935 507 3]865513-9372671 
$5 513-9320169|3586|3.9337909]3621[3-9355 576]865613-937317 
1355 2[3-9329677 35 $7j3 + 933841 5|3622]3.9356080[865713-937367 
[35 5 33-93212 35[35 $2[3 9338920 $62 3]3-93565 84/365 813-937417 
[35 5 4/3-932169235 8913-93 39426]8624{[3.9357087|8659 34937467 
85 55]3:932220c]35 9013-93 3993 2þ$62513-93575 91]8560/3 937517 
[85 5613-9322 708[3591[3-9340437[$62613 9358095/866113-937568 
8557Þ-9323215[]3592[3+9340943]362713-9358598 $66213.937618) 
[85 58]3-9323723[8593Þ-934144P8628/3.9359101[8563!3-9 37668; 
[35 59]3-93242 3o[3594[3-934195 3Þ362913.935 960518664 3-9377184 
85 65j3-932473$[$595[3- -934245 9136 30]3.9360108 8665 3-937768 


Do NY — —{_ — — — ——— — — — — — —— 


85611]3-9325245]3596|3 9342964 631[3-9360611 8656.3 937818 
8562]3-9325752[3597[3-934345918632[3-93611141]8657 3.93786) 
85631-93252 59]Þ598[3-9343 9741363 313-9361617[866 5 3-937918 
$56413-932676785 9913-934447936 34(3-9362120;8669'3-937969 
856513- $:93272374 3600f3 .934498 8635 3+ 9362623 86705. 9380191 
| 1856613 9327781360113 9345489 86363. 9363126 $67113. 3-93 $069: 

856713-932828+[360213-9345 9941863 713-9363629|3672/3-938119; 
8568|3-9328795]8603 3-934649918638[3.93641 32[8673|3.93$169j] | 
$56913-9329301]3604j3.9347004$63913.936463 5]8674/3-9382194 
[$579]3-9329808060513-9347509]864013.9365137 8675,3-9 38269 
35 7113.93303154*606]3. 93480138641 3-936564018676/3.9383195 
857213.9330822[360713-9348518[864213.9366143 8677/3-9383696 
857 313-9331328[3608[3.934902 2[8643]3.9366645|8578 3-9384199 
1*57413-9331835]3609ſ3.93495278644]3.9367148 867913938469) 
3. 9332341!361013.9350032[8645]3.93676501868013.9385197 


— —_ — 


3-931 5087 
854:13-93I5596 


Num I 


Cnulillas 9 


NUM Logarithm. | 


Num Logarithm. 


871613.9403172 
$71713-9493670 
$71813.9404169 
871913-940466 

981872 013-9495165 
$72113-9425653 
$72213-9406161 
13723]3-94926659 


Num 


| —— 


$8752 
$753 
$754 
8755; 
$8756 
8757 
8758 


3-9420577 


3-9422065 


3.942 3058 
3-9423553 


Logarithm. | 


3.942107 31s 
3.9421 569}$ 


3-9424049]$ 


3-942 25618796 


Logaruthm-| 
3+9437912 
3.943 8406 
3-94 3990c 
3-9439395 


Em——— co 


3-9440383 
39440977 
3-9441371 


3.9441865 
3:9442358 
3.944252 
3-9443 346 
3-9443 840: 
3-94+44333 
3:9444527 
3-9443-320 
3-9445 $14 
3-9946307! 
3-94463500 
39447394] | 
3.944777 
3.94402890 
$.9448773] 
3-9449266 
3-9449759] 
3.9450252 
3.9459274F} 
3.945123d 
3-9451730 
39452223 
3-9452716 
3.9453208 
3.9453 7/01 
3-9454193| 
3-9454826] 


3-9424545|8 
3.942 5941187. 
3-9425537 
3-9426032 
3-9426528 
3-9427024 
39427519 
3.9428015 
3.9428510 
3-9429005 
3.942 9501 


$72413-949715715759 
[8725Þ-9407554]2759 
$72613-940 315 319761 
87273-9490 8650[8762 
872813.9409147 8763 
8729]3-9499645]7 64 
87 3013-941 0142]87%5 
$73113.9410640[$766 
$767! 


> 


BI—_ — __——  — 


$698]3-93941 94 
6993-9394693[8 


$73613-9413126]877113-9430491 


70113-9395692 
8$73713-941362 3]$7 723-943 0986 


$702 3.9396191 
$703]3-93966 


8811 
$812 
8813 
$8814 
8815 
8816 
8817 
$8818 
8829 
8820 


3-939968318744[3-9417101 
103-942018:[8745]3-9417595 

3.94006801874613-9418095 
3.9401179]874713-941 8591 
3.9401677|$748[3.941 9088 
3.9492176]8749]3-94195 84 


$7831]3-9436429 
87 $413.9436923 
8785139437415 


| Cullias 9g, 
Num Lo Logarithns. Num|Logarichme. Num ;Logarithm.|Num|Logarithm, 


— ——___— ——— os  —_— —— —— _.— } —— ——  ———— — ——— 


—_— _—— —— 


882113-9455178|8856|3.9472376]889113.9489506]8926!3.955656y 
882213-94556711885713-9472866]389213.9489994 392 73-95 07055 
382 :j3-9456163]335513.9473357]339313-9490483[392 8133-95075 44 
3824]3-9456655]8859]3-947 3847]3894/3-9490971[3929/3-95 08028 
382 513-9457 14738 6013-94743 3 7] 395;3-9491460[893013:9508515 
$82613-9457639 3861]3; 947432713895 394919438931 113. 9599001]. 
882 713-945 8131]886213-9475317]>827(3-9492436]8932[3-9509487 
$828[3-945 862 3]8863[3-9475 507] 89813 .9492 924(893 313-95 ©9973 
$829]3-9459115[3864/3-9476297>899/3-9493412]89 343-95 10459 
3830 3-9459607]386513-94767871590013-9493 999[393513-95 10496 
$831[]3.9460099[586613-9477 -77]890113.9494388]393613.9511432 
8832[3-946059g11886713-9477767 $902(/3.9494870 $23 713-9511918 
$833[3-94610821[8368[3.9478525 7 8903'3. 9495 364| 93 3[3-9512404 
88343-9461 574[5869]3-9478747[3904'3.9495851[3939]3-951288g| 
$835]3 9452066]857013.94792 36]8905/3-9496339]3240]3-2513375 
$836]3-9452557]$371[3-94797326 $906 3.5 949682 7|*941]3-9513861 
$83713-94630483872[3-9480215 8907 3. -9497314|942]3-9514347 

3 

; 


28 3313-9463 549]$8733-9480705[8908 3.9497802[394 [3-95 14832 
88 3913-946403118874[3- 9481194|8909 3. 9498290[3944(3-9515z315 
$84013-946452 3$8753-9481634[8910'3-9498 777 94513-9515803 
884113-9465014 8876 3-94821 73|38911[3-9499264[3$94613.9516289 
884213-94655058377|3-9482662[891213-94997 5:]894713-9516774 
8$8431[3-946599618878(3.9483151[8913[3.9500z 39|[3948[3.9517260 
$84413-9466487[88791]3-9483641}891413.9500726[894913-9517745 
$845]2 2-94669 78]8880/3. 3.94841 3o[691513-9501213|8950 3.9518230 
$846]3- 9467469888113 -9484619}3916[3.9501701[8951[3.9518716 
$847|3-9467960Þ5882/3.948510- 1391 71$-95021 88]895 2]3.95 19201 
$848[3 94684511888313.9485597]$918[3.9502675[$953[3-9519686 
8$849|3-9468942[88843-9485095/18919/3.9503162|8954/3-95 20171 
8850]3-9469433 __—_ 9456574]$920[3.9503649|895 5]3.9520656 
88511[3-946992 3 8886/3. 9487063[8921 3.95041 351895 613.9521141 
8$852[3-947041418887!3-9487552[8922 3-9504622|895 713.9521626 
8853 3-9470905 $5383.94 8040 $92 3[3-95051og|[895 813.95 22111 
Bi .947139518889/3.94885 29]89241[3.9505596[895 913- 9532595 

855'3-9471886889013.948901 88925 3-950608218960|3. 9523990 $0 


L 


Te A GAG G—y  —_—_— ry ow Je rr ——_—w_—_———_—_———_—w 


CullIaAs 10. 
. [Num | Logar::hns. |Num |Logerithns, [Num | Logarichm, | 


—_—_—_—_— -——— — — ——— —— 


g96113-9523565]899613-95 40494993113. 9557358[9066]3.9574157 
962]3-9524049[899713-9540977120321[3-95 5793 9199671395 74636 
$963[3-95245 34[8998[3-9541460[9933[3-95 58 320[9068[3-95 75115 
$999(3-9541943[9934{(3.95 5 8800[906913-9575 594 
d3[90003-95424251293 F[3-9559282[9070[3-95 76073 
90013-9542 y08[993613.95.59762[907113-9576552 
90021[3-9543 3 90[903713-9560243[9972[3-9577030 
9903[3-9543872[903813.9560723[907313-9577509 
9004[3-9544355[993913-95 61 204{9974[3-9577988 
9005[3-9544837]9242[3-9561684/9075[3-957 8466 
2006[3-9545 3191994113-9562165]9076[3-957 945 
93199071[3-9545 $02[9942[3-95626451907713-957 9423 
5008[3.95462 841994 3[3-9563125[997813-95 79902 
900g[3-954676619944]3-956360519079/3-95803 8c 
90101395 472481994 513-95 6468619 90 8013: 3.958085 
9011[3-9547730[90461[3.9564566 998113 9581337 
9012(3.95482121[9047]3-9565046[908:2[3.95818 15 
901 313-9543694[904813-95655261908313.9582294 
9914[3-9549176[904913.9 566006 90843 9582771 
201513-95496571905013-9566486[908513-9583249 
bod; 3-9533247]201613.95501 39]y0511[3 .95 66966 99863: 9583727 
$982]3-9533730[9017|3-955062119052[3-9567445[9087j3-95 $4205 
$983]3-95 342 141901 8]3-95 511021905 3]3.9567925]9083/3-95 8468; 
9843-95 346971901 93:95 51584 9054/3-9568455]9039 3.958516, 
[3985131 :9535181]9020[3.95 $2065 905513-9568885[90903. 9585639 
$98613-9535664[9021[3-95 52547190 56/3: 3-9559364[9091'3. 3-95861 17 
$98713-9536147]9022[3-95 5302 8[905713.9569844[9093[3-95 865 94 
_ |$988/3-95 36631[202313-9553510[905$13-95793231[9093{3-95 37072 

$98913-95 37114[9024(3-9553991[9959[3-9570803[9094'3-9587549 
$99013-9537597(902 513-95 54472[9960[3.95712821909513.9588037 


$99113-95 3$08c[902613.95 5495 3{9061/3-9571761[9056[3-9588505} 
99213-9538563[7027|3.9555434[906313-957224119097(3-95 55982 
3993 3-9539046[9028]3.9555915j1906313.95727201909813-95 39459] 
$99413-95 39529 102913-955639719064(3.95731991909913-9589937 
9951} 95 40012190J3c[2 .055587719065|[3 .9573678jg910 2.9590 414] 


Carvias 10. 


9106135959327 
910913-95 94707 


- 


9176139598043 


— 
— 


9121 
9122 
9123 
9124 
$I25 


3.960042 5 


3.9601377 


912$[3-9603756 
9129139604332 
9130139604708 


915 33-9391845'9r3 
9104/3-9592322 913 3.960 8g87 
910513 9592799 914913:960 9462 
3106 ; 6' 4113.9609937 
91073 959375 F914113-9616412 
3-95 944 309143[3-96 10837 
91 
g9110]3.95951 84914 3.9611837 
9111129595660 gr146] T2 
239 & 395961379147 $.9612787 
g113 3-y596614 9148 3.9613262; 
91 14|3+9597099 9149139613736! 
911513:9597567g1 5oſ3-9614zrt 
3.9614686{g1 $6 
3.9615I60 gx 87 
191181395 98996g153 3.96156351g9188 

9119[3+9599472g154 
9120 3-9599948 g1 55 


— —= 


9156 


3-9601853i, 

| 
3.9602 329 
9126 3.9602 80510751 
912713-9993200\g1g2 


9131[3-9605183 
91 32[3-9605659 
19133 3-9606135 


9 
pros 3.9606610 


9151 
I 


9150 


9163 
9164 
9165 


3-960 
3.9608512 


3-9611362 


3.961231 2; 


wh. [Num 
$r343.9607561[9171 
» BD | 


g172 
9173 
9174 
9r'75 
9176 
9177 
y178 
9179 


3-9616109 
3-9616583 


3-9617058 
3.9617533 
3.9618006 
3.9618481 
3.961 395 F 
3.9619429 


| 


— 


9193 


3-9619903[g197 
3-9620377|[9198 
3.962008351 9199 
3.962132 5/920 


g918 
9190 
9194 


9192 


Ol 


3.9635517 
3-9635990 


39636934 
3-9637406 


Legerihns Num 


3-9634167 2206 
3-96246.40[9207 


3-962F 11 
3-962 5587 


3-9626534 
3.9627007 
3-962 7481 
3-9627954 
39628427 


3.9626061, 


9205 


J23T1 
2212 
9213 


215 


92 0913. 
9210ſ3. 


9214|3. 


3-962 8900ſ, 


3-9629373 
3-9629846 
3.96 30319 
3 9630792 
3-9631264 
3-9631737 
3-9632210 
39632683 
3-9633155 


3-9635045 


3.9636462 


9166 
9167 
9168 


3-9621799 
3.9622272 


9169 
917C 


2 


| 


"9202 


| —— 
' 


9201 


| 


3.962274692043]3-9639294 
3.96232209204(3.9639766 
3.9623693 920513.96402 38 


3.9637875| 


3-9638350 
3-963 8822 


3.963302 8; 
3.9634100 
3.9634573 


3-9647309 
3-9647780 
3.9648351 
3-9648722 
3-9649193 
39649664] 
3-9650134 


9227 
92:28; 
9229 
92309, 
92311 


92 32;3-9652958 


9233 
P2354, 
9235 
9236, 
9237 
9236S 
9239 


9240 


39650605 
3-9651076 
3.9651546 
3-95 52017 


79652950 


3-965 3438 
3.965399 
3-9554369 
3-9654839 
3.9655309 
3-965.5780 
3-965625c 
3.9655720 


9135/3.9607086 


CuliltIas 


IO. 


213-9662 826 


p 3. wo rpet | 


$.9662356 


3-9663295 


927313-9672203[9308 
3-9672671]9309 


Þ275h.9673139]p310 


Logar arithns. |; 


3.9678287[9321 
3-96737 54/9322 
3-96792 2219323 


3.968015719325 


== ———— — — | ——_ —— 


9113-9680625[93 26]3.969695419361[3-9713222 
3.9681092[9327[3-9697420[9362[3.9713686 
313-9681559[9328 


3.968202 7[9329 
I; 3-9682494]93 303: 
3.9682961[9331 
3-9683428[9332 
3:96838951[9333 

3-9684362[9334 


oC ; 968482919335 


3-9685296[9336 
3-9635763]9337 


3.96 862 3e{3338|3:9702 53919373 


39686693 29339 
05]3-96 9716419340 
3-9687630[9341 
3-963809719 342 
3-9688564[9343 
3-9639030[9344 


3-96 3949719345 


3-9673607[9311 
3.96749076[9312, 
13-9674544[9313 
3-9675612þ9314]3-9691362 9349[3-9707652 
3-96754809315 
3-967549=[931613. -9692295/9351[3 3.9708581] 
3-96764161[9 31713 9692761, 
3.9676883[9318[3. 969322793 53]3 3-9709509 
3.96773511[9319|3-9693693 935413. 91929974 

3-96778191932013-9694159 


3.9679690[9324[3.9696023/9359}3-9712294 


Log arubes. [Num Logarithm, | 


— — — —_ 


3: 9689 963/9346 3-9706258 
3.96904 :0/9347]3-9706722 
3 96908969348 3-9707187 


3-9691 = 9350[3-9708116 


935213-9 709045 


£355 3-9710438 
3:9694625/935613-97109923| 
3-96950911935713-9711366 

3-9695557 935813. 9711830 


3 3-9696488 9360 3.971 12758 


3-9697885[9363[3-9714150 
3.96983 51[9364'3.9714614 
3. 9698816936513: -9715078 
3-96992 82]936613-9775 542 
3-9699747193671[3-97 16005 
3-970021 3 368;3- -971646g 
3+970067819369 3-9716932 
3-9701143/9370.3-9717396| 
3:9701608 9371.3: *9717859 
3:9702074 372139 97183243 
N0218288 
(3-9703004(9374|3-971.9245 
3:9723469]937 53: 99719715 
3-970393449379[3-97201 76 
3-97 9439919377[3-9720535 
3.9794863[937$[3-9721102 
3-97053281937913:9721565 


3-97957931938013.9722028 


Cuillias 10, 


Logarithns. 

3-9722J91 
3-9722954 
$973 3477 
3-9723 580 


513:2724 3543 


3-972480 5 
3.9725268 
3-9725731 
3-9726193 


ts Lhd 


3-9727118 
3-9727581 
3-972 8043 
3.972 8506 


bbs oh 


3-9729430 


3.9729892 


3:9730354 
3-9730d16 
3:9731278 


ol 3-9731741 
[3-97 32202 


3+97 32664: 
3-97 33126 


05]2-9733588 


2475 


9435 


9416]3.973 8655 
941 7}3-9739126 


9418 
2419 
9420 
9421 
ks 
9423 
$424 


9425 
2427 
242 d 
9429 
9430 
9431 
9432 
9433 
9434 


9436 
9437 
9438 
9439 
9440, 


3:97 34050 
3-9734511 
3. 9734973 
3-97 35435 


013-9735 896 


3-97 36358 


213-97 36819 


3.97 37281 


9442 


Num| Logarithm. 


944143 


—CQ _ 


3-9739587 


3-97402970 
3-9741431 
3-974189: 
39742353 
LO THInng 
3-9743274Þ9 
3-9743735 
39744196 
3-97 44656 
3.9745117 


3.9745577 
3974603 

3-9746498 
3.9746959 
3-9747419 


$-9749048| 
3-9742 50919455 


9456 
945 713 
9458 
9459 
Rs 
9461 
9462 
24653 
9454 
9455 
94.66 
946 7 

9468 
3469 


39747879 
3-9743340 
3.97488300 
3-97 49260 
3:9749720 
«9750180 
3-97 50640 
3.9751100 
3-9751560 
3.9752020 


9470 
9471 
3472 
9473 
P474 
9475 


Logarithm. = 


3-97 5477, 
3.97552 37) 
3-9755697 
3-9756156 
3-9756615 
3.9757075 


9486 


9438 
9489 
29490 
9491 


3-9757534 
$+9757993 
3-97 58452, 
< 2th bet Abd 
$-97 59379, 
3-9759829 
3-9760358, 


39760747 
3-976412 06 


—  —— cc 


3-9761665 
3.9762124 
3-9762 582] 
3.9763041; 
349763500 


3-9763958, 
3+ .9764417 
3.9764075 
3.9765334 
3-9765792 


9493 


9492 


Num n jLogarithm, 


(9487, 


FE: 9772663 


3 Sk 
3-977 i2bg 
39771747 
3.97 72204 


3+ 9773129 
39773578 


9494 
9493 
949 

9497 
9498 
9499 
95009 


One momnongy 


93OI 
9502 
9503 
9504 
9595 
9506 
9507 
9508 
9509 
95IO 


2476 
9477 
9478 


9479 
7485 


3-97 3774? 


415"3-9738203 


3-9752479 
3-9752939 
3-9753399 


9481 
2482 
9483 


9449 
9450 


3-9753858 
3-9754318 


$.9766709 


3.9766251 
3.9767167 
329767625 
3-9763083 
3-9768541 
3-97 68999 
3-9769457 
3.9769915 


9484 
9485 


95il 
9512 
9513 
9514 
951513-9 
9516 
9517 
9518 
9519 


3-978134 


39774035 
3-97 74491 
3:97749%6 
3.977549 
3-9775 864 
3-9776311 
3-9776779 
39777236 
3-977769} 
3-9778150 
3-97 78607 
3-9779064 
39779521 
3.9779978 
3.97 50435 
3-97 80892 


3.978180 
3.97 82261 
3.9782710 
3.978317 
3-97 83631 
3-97 84088 
3-97 84544 
3-978500l 
3-97 85457 
3-9785913 


39770373 


9520 


3.9786309 


+ Aa _eaa 


— — 


aA __— Dm 


\ a © 


a A A i inmnrcrinac., zi im iT 


Culllas 


IO, 


n Ry Legeri:bw. Num 
5213-97 86326;955 613-980276119591 
$#13-97872 82/95 5713-980321 
52313-97877 38/95 5813-9803670[9593 
413-97 801949559 
35]4:97 $96 50/9560 


_ 


— —— —— ——, 


95353-97932 97 95 70,3:9 3291 1919505 
95363-9793662,9571;3-980957319606 
953113-9794118/9572:3-98 1002719607 
$3-97945739573 3-9310481[9508 
3979502 $/95743-9810934]9609 
95493-9795484 9575 3931138819610 
3-97959399576;3-9811841 9611 
3-97963949577,3-9812295]9612 
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9. 1085604 


9.HIIFFod 


TANGENT] 


Complement, 


10.9077 340 
10.9066 380 
10.9956645 
10.9946333 

10.90 36045, 
10.992257d1 
I0,9915540 
I'0.900F53Z22 


COA COCA 


10.8995128/49 
1008984956 
10.8974d08 
1 0.896468; 
1 0.89545 80 


I 0, 8944500 
10.5934443 

10.8924409 
I ©, 9914396 
I 0. 390440 

Ti $894438 
10.8883492 
[0, 8874569 
1 0,8864667 
10.885 4787 
10.8844928 
19.8835091 
10.8825276 
10.8815482 
10.83805709 


Es $e-: 21 


TANGENT Com. Arith- Com, Ii 
m2t. of Sine.'ef © SineCag 


10, 910856160. 914105 5þ.053249 
10.90981 3159-91307 79þ00326 
I 9. -9987723/58-9120527þ00328 | 
57-91103009þ 
56- -9100097þ 
55; -928991 8þ0c 
3 54+9979763| 


F 5 9969633 
32: »JOF9 


31,9049 + 


50-993 9385 5934 


48.9019338 
LA 9009349 


499929349] 


$8999334| 


45. 
45/. 
438969627 


4+; 
42\.8959754 
41þ3949904 


398930271 
35|.8920488 
37|-8910728 
36|.8900990 
55|.8891274 


. 898 9442] 003, 
39,7952 3|. 


6142 3940076 OC 


0035833 

.0035996 | 
003615 
0036321] 
.003648 


34|.8881580 
33]-8871908 
32].8862258 
31]. 8852630 
30].88 43023 


$2 


_ Tang. 


.003665 
'003681 
.003698 


.00371 


0037314 


509.11 569 77 


SINE 


Complement. 


9,.9962686 


1119.1166562 
9.1176125 


9.1195188 
a, 


9.1279934 
9.1289247 
iſ9-1298539 
f 9.130781 2 


Tang. 


— CG — 


9-119425f 


9.996251919-1204043 


9.9962 352 


$9.1185667 


9:1213773 
9,9962185[9-122 34902 


9.996201 7[9-1223371 
9.9961849 9-1242839 


9.9961681|9-1252486 


9.9961512[9-1262112 
9.9961343|9-1271715 
9.9961 174]9-1281 303 
9.9961004|9+-12 99 858 
9.9960834/9-1399413 
9.996066 319-1 309937 
9.996049219-1319442 
9.99603 2119-1328926 
9.99601 4919-1 338390 


TANGENT 
- Complement. 


— —— — — 


10.87 95957 
10.8786227 
10.877651 8 
i0.8 766829 
10.8757161 


10.38747514 
[0.87 37888 
t0.8728282 
10.871 8697 
10.8709132 
10.86995 87 
10.8690062 
l0.8680558 
I0.8671074 
[0.8661609 


9.995 997719-1347835 


10.8652165 
10.8642740 


'Com. Arich 
.of Sine, 
30+8843023 
= | £ St” 
29-38 33438 
28-.8822875 
27 8814333 
26-88048 12 
253795312 
24+ 8785833 
23-8776376 
22-3766930 
21-8757523 
20-8748128 
1998738754 
18-8729490 
178720066 
16-$8710753 
1 5+8701461 
14-$692188 
13-9682935 


Com. Aruh, 
of SincCom. 
0037314 
0037314 
Sole; 7648 
-0037815 
003798 3 
0038151 
-.0038310 
.0038488 
0038657 
.0038 826 
.003 8996 
0039166; 


-0039.337 
—_— 
.00396 

.004002 3 
,00401 96 


9.9959804{9-1357260 
9.9959631 9,.1366665 
9-995 945 5-1 376951 
9.995 92 84/9-1 385417 
9.995911119-1394764 
9.995 $93 6]9.1404092 
9.995876119-1413400 
9.995 858619-1422689 
9.995 $411j9-1431959| 
9-995 823519-1441210 
9.995 8059[9-1450442 
9.995 7882[9-1459655 
9.9957705(9.1463850 
9.995752 89.147 8025 

Qs TANGENT | 


p'cmenrt. 


79.1317064 
$9.1326297 
99-1335509 
09.1 344702 
19.1353875 
#39.1372161 
 (49.1381275 
119-1390370 
ſ69.1399445 
$719.1408501 
$$9.1417537 


12 -8673703|.0040369 
Il 0564492 0040 542 
I 0.865529]. 
948646125]. 
$\ 8636972 5 
78627839. 
6..8618725|. 
_$|:$60963 01.0041 5 5g 
4\.86005.55].0041765 
3 

2 


10.8633335 
10.8623949 
10.8614583 
10.8605236 
10.8595908 
10.85 86600 


I0.8577311 


— —— — _—— 


+8591499{.0041 941 
10.85 40345| 21.8582 462|,0042118 
10.8531T50| 1.857 3445].0042295 
10.8521975| 0.8564447],0942472] 


Tang. 82) 


10.854955% 


Complement, 


I 
O19. 


Sine. 


"SINE | Fang TraNGent 


ang. I'S Complement. | 


Complement. 


1435553 


2 


5 


7 


10 
Il 
12 


T3 
I 


I6 
I7 
18 
9 
wag 
21 
22 
23 
2.4 
Sy 
26 
37 
28 


119.1 4445 32 


9.1453493 


3]Þ9-1462435 


9.1471358 


9.1480262 


9.14dg140 
9.14995015 


${9.1506564. 
919.1515694 
gel 524507 


9.1533301 
9.1542076 
9.1550534 
9.15595374 


j1 519. 156829619 99! 9954822 


9.1577000 
9-1585686 


9-159435 
9.1603@0F 
9.1611639 


9-995752t 
9.9957350 
9.995717219 
9.99569931[9+ 
9-9956831519 
9 995663519 
9.9956456 
9-995627619g 
9.9956095 
9-9955915 
9 9955734 


9147802510, 10.852 1975 60. 
g9:14871 82 10- 10.5512518 $9 

9-1496321' I9. 8530679, 58]. 
F7|þ 
9-1 514543 10. 848545756]. 
9.1523627,10.847637 315 5. 


1595441, 


9. £3 32792, 

1541739 
9.155076g, 
geT559780, 
9. 1568873 


9-9955552 
9.9955379 
9.9955188 


9.995500F 


91577748, 
9. 1586706, 
9. 1595646 
9.1604569 
9-1613473; 


10.8494559, 


10.8467308] 
I0.8458261 
10.8449231 
I0.8440220 
10.8431227 
10842225 3/49 
Io. 8413294 
10.8404354 


[0.8395431 
10.83 86527 


Com, Arirth 
mer. of Sinc b 
SLE447 
D555460 
8546507 
$537565 
$5 2 8642 
S519738 
$510dF2 
.8501985 
-$493 I 3 6|-2043 gog 
.8484306|0044olg 
847549 39944266 
$466699þ9044441 
8457924204463 
384491 66|0044811 
.$440426|©0449g5 


Cotn, Arid] 4 
of Sine Com! | | 
-2042630 
.0042 328 
12043007 
2043185 
*0043365 
A O"—_ 
0043544 
+0043724 


$45 
$3 
52] 
FI 
5 Oh 
49f 
48|- 
Wl 
+ 

+5]-34 


9.9954639 
9-9954455 
9 9954271 
9.995 4987 
9 9953902 


9.162025 
9.162 3853 
9. 1637434 
9.164599d 


" 


9 1654544 


9.9953717 
9.9953531 
9 995334519 
9.9953I59 
9.9952973 


9-I622 361; 
9.1631231; 
9-I640003 
9. I648919 


9.1657737,10.8342263 


717]9.1666538 
9.1675322 

9.1654989 
wh 1692839 
g-I7OI572 


'I O. (0.8377639 


I 0, x4 My th 
10.83F1081 


9.1671586 
91680002 


29/9.1688559 


_o 


9 I697021 
inch 


s 


dINE 
omplecmenr, 


9.1663074 


9.9952785 
9.9952597 
9.9952409 
9.9952221 
9-99 52033 


9. 3.17102 8g 
g9.1718989 
91727672 
9.1736330 
9-17449> 


Sine, 


TANGENT| 


_ TZomplement, 


10.53 33462 
10.8324678 
I O, 8315911 
10.8 307161 
10,8298428 

t0.8289711 
10.820S10TI1 
10.8272 328 
10.8263662 
10.8255012 


1.0045 361] 
0045545 
+0045729 
0045913 
00460g8 


97H $42 3000 
3 -$414314} 
8405646 
41+8396995/ 
40. 8388361 


51/00 


39+5379745| 004618} 


38.8371147 72946469 
3”: $362566. 0046655 
36. 8354902] 0046841 
353345456; 0047018 
34.53 36926} 0047215 
33.832 041 49947493 
32, 831991 9-2047591 
31.8311 441]-9947779 
39.8302979}-2047967 


Tang, 


Bu 


1]q Sinc- 
101901697021 


h219.1713893 


Complement. 


SINE 


9.9952033 


hr 1705465 


$39-1722305 
149-17 30699 


——  _———K—— 


xr 
79-1755704 
$g.1764112 
9941772425 
09.1780721 


9.995127 
9.9951084 


9.995093 


9.995JoFIoO 
9-9950318 
9.9950126 
9.9949933 
9.994974 
9.99495 465 
9.2949352 
12:9 9949153 
9.1830160/9.s 299489649- .1 881196 

D. 1889575 
9.1897939 
9.19062 87 
9.191462 1 


9.1922939 


5. 9948769 

9.9948573 
9.9948377 
0219.9948181 


pa870g23 : 
2 


9.9951844 
9. 9951654 


Tang. 


— _—— — — 


2-1744985|10 
3. 1753622 


2.1762239 


9.9951464/9-1770840 


—— . ——— J,,_—_ 


-9950702 


491779425 
9-1787993]!0: 
9. 1796545 
3-1805082 
9.1 913602 
9.1822105 
9-1930599 
9.1839968 
9.1847525 
9.18355 966 
9.1864392 
9. .1872802 


9.9947591]9-1939529 


9. 9947393P: 1947302 


ponent, 


Complement 


—— _—— —— 


T3 82550T2[3 


10.8246378 
10.82 37761 
10.8229160 
10.8220575F[2 
10.82 212007 


10.8203454 
(0.8194918 
\CoP I 


— —— — cnm__ 


IO. Tioga 


lo.8152475 


10.8144034 
I0.38135608 


10.8127198 
10.811 8804 
Io.8110425 
10.8T02061|1 
10.8093713 
10.8085379 
11 0.8077061 
10.8068759 
10.8060471 
10.8052198 


10.804 3941) 


$719.1919328 
$1.1927342 


9.194 3324 


9.9946599 


9g. 193534119.9946399 
9. 9.99461 999. 1997125 


919112999 ES 91964302 
9.994679519-1972530 


1950743 
9.1988942 


110.8035698 
10.8027470 
10.8019257 
10.8011059 
I0,8002875] © 


30+8302979 


|DIHI——_— =— . _— 


29-8294534 
28. 8286107. 


278277695 


6. 8269301 


25« +826092 3. 


— — — 
| — I —_— 


24-8252561/.00 
238244216. 
22-82 35888 


21-8227575 
20+ 821 18279 


19+8210999 
18. 8202735 
17-8194888 


16. 8186256 
I5- .$178040 


_—— 


1 3:91 61656 
815348 

eto 
108137199] 
' 9:.8129077 
8.8120971|- 

.$112880 
6.8104 805 
 $.8096746 


—o—_— —— 


4. .$088701 


om. Ar = 


Com. Aruh. 


mer.of Sine,jof SincCom. 


0047967 
0048156 
0048346 
«00485 36 
0048726 
0048916 
+0049107 
0049298 
- 0049490 
59049682 
004987 

l.0050067 
,0050262 
0 GgTY 
.0050648 
.0059842|. 
.0051036 
.0OF1231 
0051427 
005162 3 
oo5I819 
.0052015| 
»0OF2212 
.005 2409 
.005 260 

.0052 805 
.0053003 


3. 8080672 
28072658 
1; 806465 


Tang. _ 


"= 


,005 3202 


005 3401 
.005 3601 


8056676 005 3801 | 


7 
8 


I'O 
LI 
I'2 
13 
14 


9, 


—SINE 


Complement. 


99946199 


9.9945999 
9-9945798 
9.9945597 
9.9945396 
9 9945194 


Tang. 


TANGEN 
Complemenr. 


— 


9-1997125 10.8002 87 5,60 


9.2037825 


9.2005 29410-7994706 59 
9-201344910.7996651'58 
9-202I58810.79784l1/57 


10.79702 86 
[0.7962175 


9.1998793 
9,20066F58 
9.2014509 
9.2022 345 


9-9944992 
9-99447 D9 
9.9944587 
9-9944383 
9 99441 55 


9.2045 922, 
9.2054004 

! 
9.2062072, 
g9e20JOI26 
9.2078165 


9.2030167 
92037974 
9-2045767 
922053535 


IF 
16 
| 
18 
Ig 
20 
21 
22 


2 
25 
26 
27 
28 
29 


30 


9.2176092 


k 


9.2061309 


9.9943975 
99943771 
9-9943566 
9-9943361 
99943156 


9.2086191 
9.2094203 
9.2102200 
9.-2ITOn 84 
9-2118153 


9-2069059 
92076795 
9.2084516 
9.2092224 
9.2099917 


9+99432950 
949942773 
999425 37 
9-9942 330 
9.9942122 


9.2107597 
9-2115263 


3 ve 
9.2138176 


9 9941914 
9.9941706 
9.9941498 
9.9941289 
9 9941079 


9-2126109 
DoAT ACER DS 
9-2141980 
9.2149894 
9.2157795 


I0.7954078 
19.7945996 
10.7937928 
I0.7929874 


Y 


Om, Arir 
er, of Sinc 


>, = 
2 oe 
Wc: £5 T, 
- 
5a 
" 
F S: } 
. zz 
or 0: 
L 


.$8056676|- 


.803281 
56 
35 


J4 
53 
F2 
FI 


I0.7913309/49,. 
[FOTISTN 
19.7 897800{47,7954234 


I0.7905797 


.804670 7] 
804075 3| 
.$0248 go. 
.8016981Iþ 


.80090387þ 
.8004207p 
7 993342þ 


10.7921835|50|, 


4: 


48 


+00 5623 
-005643 


10.7989 316146|.,794645 500566; 


19.7881 347}45 


10.7873d91 
I0.7865949 
I0.7858020 
10.7850106 
10.7 842205 


9.2165683| 
9.2173556 
9.3I81417 
9.2189264 
9.2197097 


9e021457S57 
9.215 3384 
9.2160967 
9.21685 36 


9.9940870 
9-9940659 
9-9949449 

e994923*© 
6:9940027 


9.2204917 
9.2212724 
9.222O0F18 
9.2228298 
9.2236065 


dINE 
2mplemenr, 


TANGENT 


Sine, 


complement, 


10.7834317 
10.7826444 
I0.7818583 
I0.7810736 
10.7 802902 


10.7795083 
I0.7787276 
I0.7779482 
IO.7771702 
10.7763935 


44 
+3 
42 
41 
42.7 gooos 


+792 320 


held 
. 


.7 93d691|.00568 
7930941 


(29570 


Sp 2037% 


1791 5484005746 


005767 


3 


39.7 892403; 
30.7 8847 37, 
37.2877086| 
36,2869448 
35.7861824-00589M1 


005871 


2+.,785421 
33.784661 
32 ,783903 


Tang, 


1 
oo, 


61 


3.783 1464/.0059761 
39.7823909.095 997} 


0059130 


05934 


3,.2059)ql 


=> (tf 4. own 4 


7119-993 5965 
19-9935752 


SINE 
Complement. 


TANGENT 
p- 1 Complement, 


——y — C—— — __ | —_— ——— _  — 


9-9939815 
9.9939603 
9.9939391 
9.9939178 


29.2265725); 
39.2273T10 
9.22 004.81 
if 92287 39/9-$ 


79.222386091g9. 


192258328/9.9937679 
9.9937463 


b9.2295185 
79.2302518 


199.2324440, 


9.223605511c-7763935F|. 
9.224381910-7756181 
9.2251561/29- $7745439 
9.225928920-7740711 
9.2267004!10. 7732996 
9.2274706[10-7725294 


9.2282 3 395 20.7717605 
9.2290071 


9.9937247 
9. ANION 
9.9936813 


L 2382349 
ke4.2396702 


OO _— 


9,9933959 
9.9933737 
9.9933515 


SINE 
Complement, 


9-2351026 


9.9936596'9- 1.2358589 
9.99363789- SOLES 
$9.23098389, 99361609. 
9:2317145'9. 29935942 

6.9935723}7 
9-9935504 
9.99352 85 
ſ39-2346249,9-9935065 
[49-23534949-9934844 
ſ$9.2360726/9. 993462 49-2 
i692 367946 9.9934403 
19.2375153[9.993418119 


9. 2381203 


9.2396218 


9.24483d9 


10.7 709929 
9.2297735[10D.7702265 
9 230530d6110.7694614 
$49 2313029)9-7586976þ20 
9.2329550j10.7679350 
9.2328262|l0.7671738 
9.2 335863[10.76641 37 
9.2343451110-7656549 
0.260429 8 
I0.,764141] 
10.7633861 
10.7626322 
10.7618797 
I0.7611283 
I ©. 7603782] 9 
10.7596292 
rTo.65 80815 
IO.7581350 
10.7573897 
10.7566437 
10.7559028 
IO.75FIG11 


10,7544206 
10.75 36812|_© 


237367d 


9.239871 7]Þ0 


9.2403708 
9.2411185 
9.2418650 
9.24Z6103 


9.2433543 
9.2440972 


9.2455794 
9-2463159 


= Arich- 
mer.of Since, 
zo, $782 3908]. 
19 -7816366 
2d. 7808836|. 
27 7801 320; 
26, 7793918 
25. 7786329] 
24 .57588 
"4717 F 3/ 
23:7771391þ 
2247763941 
21 *7756505 
20.7749082 
9. 7741672 
18 $77 34275 
I” 7726890. 
16.7719519 
LF.7712161 


14.7704815 


9.76682 278 
8 .7661008 
7. 7652751 

6.7646506 
$1763 39274] 
47632054 
3.7624847 
217617651 
"7610407 

> pt 


TANGENT 


Sine. . 


Tang. 152 


Camp'emenr. 


I 3.-597482|. 
12\,26901 62). 
11|,7682855|. 
IO +7675 560]. 


com "Arich.} 
ot SincCom. 


.0059973 
.0060185 
0060397 
Ry. 
.00560d2 2 
0061035 


| — 


0061248 
0051462 
.0051676 
.5061 891]. 
.00621065]| 


——_— ——  — c—_—_— 


.Q062321 
0062537 
0062 75 3]: 
.0062970 
0063187 


0064496] 
.c064715] 
,0064935. 
0065156 
0065 376; 
0065597 
0065819 
0066041 
0066263 
0066485 


lols 


—- 


A 
oO © @©V Ry oy td wt 


&=4, v1 fry: 
co Alm þÞ w w 


_ 4 


IH 4 
lov 


bt of 
Wo be 


N{tNw NN 
Al þ 


Or to ec IO 


Sine. 


9.2 396702 
9.240386} 
92411007 
942418141 
9.242 5264 
9-2432 374 


Complement 

9-9933515 
2-9933292 
3-9933068 
9-9932845 
9.9932621 
9-9932396 


Complement. | 
9. 22463188110. 7536812 
9-247056910.752943C 
9-247793910.7522061 
9*2485297/10.7514703 
9-2492643| 
9. 249997810. 7500022 


92439472 
9-2446558 
9.245 3632 
9-2460695 


0192467746 


9-2.47-+7 84 
6.2481811 
9.2488827 
9.2495830 
9.2502822 
9.2509803 
9:2516772 
9-252 3729 
9-2530675 
£219-2537609 
925445 32 
92551444 


319-2558 244 


9.256523} 
9-2572110 


9-9932171 
9-9931946 
9-9931720 
9-9931494 


9-9931268 
99931041 
9-9930814 
9-9930587 
9-9939359 
9-9930131 


6O 


59 
F8 
4 
F6 
FF 


SEALS HL —4 er 


ner, of S'nc. 


.76032 99. 


7567626 


9. 2507 3010. 7492699 
9-2514612/10,7485388 
9.2521912j10 7478088 
9-252920010.7470800 
9.2536377110.,7462522 
9-2543742110.9456257 
Ye-2550997[10,.7449003 


9-2558240 
9-2565471 
9-2572691 


9-9929902 
9-9929673 
9-992 9444 
9-9929214 


9-9928984]9 
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10.6343359 
10.6337626 
10.03 31900 
10.5326191 
10.6320465 
10.6314762: 
10.6309963 
10.530337! 
10.62975d5 
10.6292006 
10.6286333 


10.6275008 
10.6269355 


10.6258970 


10.6241190 
10.6235577 
I0.5229970 
10.6224369 


9.9879525 
9.9879223 
roy 
9.9878618 

9-9878315 


Complecmenr. 


9-37 81225 
9.3786813 
9.3792394 
9.3797969 
9.3803537 


10.621 8775 
10.621 3187 
I0.6207606 
I0.6202031 
I0.5196463|39 


59 
58 


F7 
56 
F* 
5+ 


)3 
F2 
F1 
ed 1 


.64464 T 
3þ 6449993 
6435574 
.6430164}.0I15401 


Com, Arith 
mzt. of SineJof 


9160|+ 


6451850 


6473651 
.6468190 
.6462736 
6457290 


of Sine Com, 


0113053 
.OlI I 3345 
OI13637 
-2I1 3930 


OE TRoegy 
*OII4518 


6424760; 


+9. 


+7 
46. 


6419363; 


48|, 641 3973; Ol 16:0] 
6400591 


6403215 


+5]. 6397846-01 17179 


»0114812 
*-OIIFIOG 


OI156g7 
*0II599 


.OII6585 
.0I16882 


4+ 
43 
+2 
41. 
2 
39 
38, 
37. 
36, 
35. 
34+ 


31 
30; 


SINE £5 


Sine, 


z;zTANGENT 


Complement, 


Tang. 


 — 


-6 392495 
6387130! 
6381783, 
6376442 
6371108; 


(9117477 
OI17775 
0118073 


[.or18374) 
O1 18671 


6365781 
6360461 
6355148 
6349842|. 
6344542 


Trl 18971 
«0119271 
.oL19571 
o119872 
012017} 


6339250'. 
33 +6333964|. 
32 5328685]. 


6323413 
6319147 


—  ___ | 


0120475 
012077) 
0121079 
,0121382 
,012168j 


| 


Com. Ara 


Lk Sv T7 TT. wDÞs CC TT "Z=, 


1 S$1ne- 

19p-358185; 
0119-3687111 
9.369236} 
19-3697608 
9.3702 847 
3700079 
9.371330 

9.371852 3 
9.3723735 
9.3728940 


SINE 
Complemcnr, 
3.9870315 
9.9878012 
9.987770d 
9.987 7404 
NON 
9.997679 
9.987648519 
9.9876183 
9.9375876 
9-9375570 


23734139 
119-37 3933 


J9-374969 


9.3760034'9 
9.3765194 
071943779347 


9-377 5493, 
4919, 378063 3 


(09.373 $767 
1p.3790894 


379601 5.9- 9871549 


ſ: 93t0112g 
F 9.38062 37 
f 9.38 811339195 


9.382152 3 


19.9874955 
9-37445179- 9374648 
6 
g. 37548689. 29874031 


lg. 2.9872171 


9.9d75263 


(9.9874339 


2.98737229 


9.987 3413 
9.9873103 
9.9872793 
9.9872482 


9.3803537 
9-3809100 
9.3814655 
9.3820205 
912-382 5748 
9.3831255 
3836816 
9.3943 340 
9.3847858 
9.355 3370 
9. 9.358876 
9.3864376 
9.3869869 
9.3875356 
9-3880837 
9.388631 2|lo 
9:3891781 
9.3897244 
9.3902700 
9-390BI51 
9-3913595 


/JTANGENT 


Complement, 


IO, 6196463 


OO — . — — —_  — 


I'0.6190900 
10.6185 345 


[0.6179795 
[0.6174252 


10.6168715 
I0.6163184. 
10.6157660[2 
[0.61521 42 
10.6146630 
LO. 6141124 


OO —— — __— C — 


19. 6135624 
I0.6130131 
10.6124644: 
10.6119163 
Io. 6113687 
lO. 6108219 
[0.6102756 
10.6097300 
10.6091 849 
10.6086405 


9.9871860 


9.9871236 
9.9870924 


[9.3919034 
9-392 4466 
9. 3929893 
9.3935513 


9.987061119.3949727| 


9.986998 


9:38164349-5 98702 98]9. 39461 36} 


9.3951536 


9. 3826605 9. 9869670[9- 3956935 


vhs 0 98693561]9-3952326 


10.6080966| 9 
10.6575534 
I0.6070107 
BD; .606 4487 
10, c—_—_ 273 
47. 
Io.6043065 
I0,.6037674 
[1110.60 322 89 


'Com. Arith- 
met, of Sis, 
330531814701 
29.6312889þ.01 
28-6307637| 
27,6302 392þ 


24-62 6286696. 
236281477; 
22-6276265|. 
21.6271060þ 
20+ -6265861|. 
19+ 6260669 

r8. 6255483 
1 7-6250304|. 
16-6245132 
15-6239966|. 
14: .6234806 
I 3» 6229655 


6.6193763 
[6188661 


5 emmy Gm QED go 
46183566 

3 

2 


6178477 
-6173395 
I' 6168318 
_O. 6163248] 


Tang. 


G83 


76, 


26 629715 3% 
25: 629192 14.0 


12-6224507. 
11-6219367. 
10 6214233} 
9: .62091 068. 
$.6203985|. 
6198851 


Com. Arith. 
of SincCorn, 


0121685 


0121988 
-0122292! 
*0122596 


0123512 
pris. 
OI 2412 

e29124430 
onnpon, 4 
-OI25FoO4s 
0125352 
OI25661 
0125969 
0126273] 
0126587 
0126897 


026908 
0129389 
0129702 
01 30016 
,0130330 
0130644 
0130959 


1 


3 


CCR 


|'4 Sine. | TANGENT, Con. Arith 


—| —— — _— |<2mplemear, C mmnplemenr. | 
019-38 36752 9.9 869041 6153248]. 
119.3841 81519.9858726 .6158185|.0: 
219.3846873 9.986841019.3978463 I0.6021537|58þ615312 7| 
319-385 192419.9868094{9.39 33830 L0.6016170\57 56148075]. 
49-3385696919.986777819.3989191110.6010809]56{6143931). 
$19:3862008g 986746113. 3994547119-609545 3/5 5þ6137992þorz 
69-3867240 .9867144(9.399989610.6000104|5 4 
719-3872067 .986682719.400524010.5994760 6127933) 
89.357 70371g.9866509]9.491057819-598942 .6122913'0133491 
99-3992r08 -98661911g 4015910 10.5984090 .6117893}|.013380 
10,9-33871099 9865872[9.4021237 19.5978763) 
1119-39211] 0865553/9.402655810.5973442 
11 219389710 9.9865233/9.403187310.5958127 
1 3}9-3992096|g,9864913 9.40371 $2/10.596281 8 
x 9.494248610.595 7514/46 609292 1).013540 
9.4247784 lo:59522161450.608794 3,00 3578 
| | 9 9863952 9.495 3076 10.594692444+-6032972/.01360 
I 2]9-3921993[9.9863630[g9.4058363|110.5941637 
I 819-392695319.9863 308 
I 919-3931909g1[9.9862986 
20]9-393685219.9862663 
2119+3 941794 g.g9862 340 
2219+3946729]g.9862017 
2 3Þ+39516 581, 9861693[9.4089965/10.5910035 
P 9.3956581 9.98613699.4095212 10.5904788/36.604341g, 
2 -395149919.9851 045 9.4100454|10.5 899546;3 5.6038501|.013bgF) 
9.9860720|9.4t05690]|1 0.5894310/ 34-693 35 90/.01392 
19.9 860394]9.4rr09g22þ 0.5 88907y!33,6028685 
"28 +397 6215þg 9 860069(9.4r 16146|10.5883854 32\.6023785.. 
| -39SITLO9, 0859742 9.4121366\10.5878634 31.601 8891]. 
9-9859416p.4r265Br|10.587 3419.30 601400410. 
Sine, Miomag Tang, [75] 


09-3935990 
1133999878 
9193995754 
j 9.4090 62 F 
9.400 5489) 

5 14010348 
169.401 5201 

19-492004 > 

Pp 49240 89 


ls — 
9424419 

139-4949909 
9-405 3816 

19.495 8617 


SINE 
Complement. 


9.9859416 


9:41265 31 


9.985y089 
9.9858762 
9.9853434 
9.9858106 
9-9857777 
9.9857449 
9.9857119 
9.9856790 
9.9856460 
9.955612 919-4 
9.9855798 
9.9855467 
9.9855135 
9.9854803 
9.98 54471 


$9.4063413 
#19.4068203/g 


9.9854138 
.985 3805 


(P-4272987] 
4977766 
29-4032 539 

19.4087 306 

$219.4092 068 
94096824 

149.4102 575 

119.4106 320 

19.4111059 

p9-4115793 

$99.4120522 

994125245 

19-412 9962 

SINE” 


Complement, 


9.985 3471 


9-985 3138 


9. 2.9852803 
9. 9.9852468 
9-9852133 
9.9851798 
9.9851462 
9.9851125 
9-9850789 
9.9850452 


9.9849776 
9. 9.984943 3js 


Sine, 


9.9850114 


9-4131789 
3-41 36993 
9.4142191 
9.4147393 
9.4147430 


TANGENT 
| Complement. 
L10.5873419}30 
to.5868211 
I0.5 86 3007 
[0:53857895g 
to.5852617 
I0.5 $47430 


$e$157752 
9.4162928 
9.4168099 
9.4173265 
9.4178425 
9.41 183580 
9 4188729 
9:4193874 
94199013 
9.4204146 
9-4209275 
9.4214398 
9.42195 15 
94224628 
9:4229735 
9.4234038 
9-4239935 
9.4245026 
9.42FOII3 
9.425 5194 
9.4260271 
9-4265342 
9.4270408 
9.4275469 
9.42 80525 
TANGENT 


Complement. 


I0.5842248 
10.58 37072 
[0.583Ig01 
10.5826735 
t0.5821575 
10. 5816420 
I0.5811271 
I90.5806126 
r0.5800987 
10-5795854]1'5 
I0.5790715 
Io.578560211 
10.5780485|12 
I0.5775372 
I0.5 770265 


Com. A rith 


mer. of Sine 


29. .6oog122). 
28-6004246 
27 +5999375þ 
26. $984511/, 


245984799] 
235979952] 
22-F97FLIN 


I 945960622), 
18.5955804 
17+5950g991 
16.59461 84 
I 5-5941 383}. 


25+ 59896520 
eO1425F1 
0142881 
.0143210 


21-5970276|. 
20-5965446/. 


Com. Arich. 
f SincCom, 


0140911 
0141238 


*0141894 


-0144202 
0144533 
.0144865 
0145197 
ns £6 


+] 5936587 
375931797] 

+5927013 
4# h=-a$> 
EO of 92.7468 


10.5765162 
10.5760065 


I0.5749887 
10.5744806| 5 
I0.5739729| 4 
T0.5734658 
I0.5729592 
10457245 32 


10.5719475 
. bs 


_ Tang. 


I0.5754974 7 


8. 


| 3907932 


3. .5884207 
2.5879478 
1.5874755 
LY CI 


9:5912694,0147532 
590317 : 


.0145862 
0146195 
0146529 
0146862 
0147197 


41].0149211 
0149548 
0149886 
0150224 
0150562 


G3 4 


A 
H 
= 
= 
ho 


gas 34 5 ' ANGENT "NT, jCom. Arith; Com; Zo, Ar, 
Tang. | lm mt, of Sinz.|»f »f S. ne Con] 
9-4129962]9.9849438|9.4: 80525 (05719475 60|59700338|.01 50562 
9.413467419.984909919.4285575110.5714425|59þ5555326.0150go1 
- 413938119.98487601]g 4290521110.570937958þ5 850619 OlFI2go 
9.414408219.984842019,4295661\10.57943 3915 7|-5355918þ015154 
9: 4148778 g. 9348051 9-4300697110.5599303|56;5S51222|.015191g 
_$19-4x5346d|9 9847740[3.430572710-5694273/55|5345532þ0152269 


— — —— _— 


| 69 -4158152]9.9347400[g.4310753/T0.5539247 


IIITE IN 


-$841848,015260 
7,9-416133219.98470591.-4315773,10-55842 271530 $937168015 294 
0-419 75001g. Sree 4329789 10.557921152þ.5832494.01 5328; 
9'9. 41721749. 984537519 4325799 10.5674201|51|.5 827526\.015361; 
10.9» +4176337g 846033 9. .4330804 10. 566919650] 5: 582.3163; -015 3967 
1 119. 41 181495ig.; 98456999. 43 35 595 Fo. 5664195|49.581 S505 015431 | 
1 219-41 86145g.9845 347]9 434080010, 5559200/48|,581385 2;015465; 
1 319-419979519.9 3450049 4345791 10.5654209/47|.5 8092050154996 
149-+195 430g. 9844652|g. 435077610.5649224|46| 5804564|0155340 
1519 2450097 93443 119.4355757 19-5644243H5|-5799927;01 55684 
1 69-42 247049 984397119.4360g33 10.5539267|4457952 960156019 
i >0-43093309,9343526 9.435570410.56342: 96{43|.57996700156374 
1 $19 421 3950;9.9843281ſg. 4379670 190.5629330142|. 5786050. O1F6719 
199 42185669.984293519.4375631 19.5624369/$1].5 781434015756 
EO2e4223 170] « 93542 5919.43 80587 10.561941  3jt25; 5776824, OI 57411 
2 119-4227780(9.984224213.438553810.5614462139\5772 220015775 
2219-42323 80\g, 984189519.4390485/10. 5609515138\.5767620,0158104 
2 319-42 36974 9.9 841 466 pied 4.7% ay 56045 74 37 5763026. 0158452 
2 9.424153639,9841200)5 +4400363 
2 519-4245 147 9.9840852 9.4305295jIo. 5594795135) 


CES CC IS, I 


bd] 


YI E III Cr CI GCE I I > VS 3 3 LA | ws [ 72 


r= 


0.5594705 575385 3-0159u 
2 619.42 5072619,984050319.4410222|10, 558977934; 5749274+9159497 
2719-425529919.98401541{9.44151451|10. 558485 5133, 5744701].015984 
28 9.42 59367/9.9839805 9.44200621|10.5579935;32 21.5 74013 3;.21 601g 
29 9.42644309.9839455 9.4424975 10.5575025|31.5735 570016054 
3019-42639881,.9839105/9.44:9883|10 IO, 5 F70IT1730 5731012].01608gj 

SINE [@: _ | TANGENT of 
nas | Sine, Complement, Tang,  b4 


s dine. dINE Tang TANGENT} (Com, Ari. Com. Arith,p 


a | |: -oinplem: nt. " Complement, mec, of Sinc.'o! of Sine Com. 
m. ct leet enis cn Ns os uno } --_ oo ER 
= | [09-4268935p-9839105[p.4429883[10.55 701 17130.5731012forGoBgyl. 


Fog. Ti 427354119-9838755/9.4434785[10-5565214]2 9-5726359,0161245] 
j l 12 .42780d9[9 -983340419-4439585 [0.5560:315 2 3; 5721911}0161596 
40 33 428263119 9.9y835052/9 4444579{12 5555421 27* F71 7369 0161948 
ord | 64942 27169Þ: -9837701/9-444945<[19. $5505 3226; 57028; 19162299 
9 | þ59-4297 7009-1 9837 3489-44543 5 2/10: 0.5545648,25-$708299,0162652, 


26 

=> | [6942962 289.983699619-44592 32/19.554976824:5703772,0163004 
” 379: 4300759]9-99366439.4454107|10.5535393;2 3:5699250.0163357 
$1 389.43 0526719.98362909-4458978|to. 55 3 On 5994733 .0153710 
61; 399-4399779Þ9- 98359; 6.9.44] 3343j19.552 267 F AST. «5699221 -0164064} 
96; 4099-43142 2619 9.9835582 9.4478704[10 [0 5521296120.5685714, 0164418 | 
w | 41943187889. 98352279-4453561110. 551643919, -F681212|.0164773 
Pod | 429-432 232 5519-98 349072'9.4485841 310, -FFL1587118. $F676715..0165128| 
99f 439 432777719-93345179 4493260|[0.550674017.5672223\0165483 


n 449 4332264'9 9.9834161:9.4498102 10.550189g8; I6. 5667736..0165S39 

37 | 1459-433 67469. 98338959 4 4502940[19.5497060/15-5663254.0166195 

—— 469.4 434122319-93334499-4597774 0. $492 22611 4- 5658777. 01565541] 

_ 47'9- 43456 949+ 98330929 4512602[I0. $487398jT3, 5654306, Or66908 

Il 1489435016119 98327359.451742 7110. 5452573j12.56492 390167265 
499-43 5462319. 9832377 9-4522246|10.547775411-5645377.0167623 


ne $09.4359080/9-9832019.9-4527061/t0 54729; 39110.5642920|0167981 
__ $19-43635 32/9 9.9831661 9-45 31872 10.5468128| 9. 5536468|.0168339| 
to $29.43679 $0/9.9831 30219. .4536675[10.5.463322| ©. +F632020,01636g8 | 
47) | 038437242 219-98 309429. 4541479[10.5458521 7 5627579;0169058 
Yod | $49:4376859/9-98305839.4546276119.545 3724 «IE Re ps 


$59-438129219.9$3022 39.4551069110.5448931 
397 $69.43857199.9829862]9 4555857[12:5444143 EE ocale 0170138 
$i $19-4390142/9 982950119.4560641110.5439359] 3|.560985 5].0170499}* 
58 9. 43945 60;9.9829140(9.4565420[10.5434580| 2|.5605440|,0170860| 

I 

(®] 


5618708,.0169777 


+5 601027|.0171222|: 


59.9. 439897 319.982 8778[9.4570194{10.5429806 
.5596619|.0171586| 


bag -449339119 2.982841 6|9. 2.45 74964[10.5425036 
"_ SINE TANGENT ET 
(Complement, "4 SI ine. Comp)cmenr. Tang. | 


ement. 


Tag 


4: _ i983 84rs 
19-445778 9-9828054 
| | 9.441218 09827591 
+ 3]9-44165 70 d.9827328 
| ? 445096 519-  ecehs 


9.4442 $37j9-9825140 


9:44471 ST 4774 


9-4451553/9-9324408 
9:44559049-9524041 
9.44602509.9823674 
94464591: p22 3508 
9:4463927/9-s .98229389 


OLA ho WEI), 4, ons LK was 


"jd f 3 


\© 


9.447758619-9822201[9 
9.4481 909'9-9321831 
9.4486227|19-982146219 
gteop-o52 1092 
1 EI19.44949499-9820721 
: e995 539-9050 358 


S 


25]9-45130379.5 


9.44732599- 98225 69/9- 


9:45 94901 


3 619-400 3492 


9.4627145 


4688139 


> 98188639 


| 26/9. 451632219 
9.98r 8490; 


2719 4520603 
1:3,9.4524879 
299.4529151 
309-4 4533418 


"SINE = 
Complemecnr. 


9.9817 
Sine. 


4597459 
4702112 


9.98181 L 719 4706762 
9.981 774494731407 
3709-4716048 
| TANGENT 
Cemplemear. 


9-4574954 
9-4579730 
9-4584491 
9:45 89248 


dol9:4598749,10 


9-4608232 
9e4612967 
9-4617697 
3233433 


9-4531863 
9.46 36576 
9.4641285 
94545990 


TANGENT 
_Conplemenr, 

L0. $425036 
10. +F420270 
10.54155o9gf5 
I0.5410752 
10.5403999 
10 5$49I2zF1 
10. 5396508 
I0.5391768 
10.5 387033 
Io.5382303 
L0:$377577 


er,of Sin. 
61605596619 
59, pe. qrgs 
57). 5583424) 
565579035 
5 5|:$57465If 
547557037 

535565897] 
32 «-F561528 
JI-F5F7163 
Jo|:55F2803 


| - Com, Acirh 


0.5372 855 
IO.5368137 
I0.536342 
Io.5358715 
TOs ZI49TO 


«4650690 
4655386 
9-4650078 
4664765 
9.4669448|10 
9.4674127 
9.4678802 
9.459345 219-981997919-4683473 
2419.4597747|9-9819608[9. 

bo. 983192 35(\9-4692801 


L915 349310 


4/47 


495 548447 
43.5 544096| 
5539750 
5 535409 
DIO LNG 
5526741 


45 
+5 
+. 


add £0. wh} 5522414 


10,53 39922/42; 
0.533532 35] 
IO. 5330552 
10.5325873 
10.5321198;3 
10.5 316527 


F518091| 

41 
39.55ogrgt 
neal 
311.5496548| 


10.5311861 
110.5307199/35 
[0.5 ZO2541 
12.5297088 
10.5293238 
10.5288593 
I0.528 3952 


Tang, >; 


36 (F492252| 
35'.5487966 


3513773] 
4o/. 5509460|. 
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12 4520570 


jſ.4782926 
344779344 
33.4775765| 


I0.4516545 
(04512529]}31.476561 7. 


32.,4772189 


_ bun Kh Foes, 5 


[ 


92 430] 


.O2 52525 
0252969 
025 3413 
0253053 


,02 54745 
0255194 
0255641 
0256087 
025653 


pp-g2385 r6 


| 9.524564 


pj 


TC Sine, 


STNE. 


Conn 
09-52 3495 3199743466 


9. 9.5491487 


9.5242081 


9.554919 


9.52527499-9741224 


9.9743018 
9.9742570 
9.9742122 
9.9741673 


169.525629 9974077. 


; 9-525984419-9740 324 


3$9.526338719-97 39873 
3919.5266927]9-973 9422 
499.527046319-97 38971 
Wlp. $2739979- 9.9738519 
4119-52775 2619.97 38067 


4 
' 
| 
; 
4 


ſ0g.5305650 
9.5F3oOgIFI 


14319-528105 319.9737615 
$9-528457719-97 37162] 
6p528809 19.97 36709 


9-5291614.9.97 36255 
9-52951289.9735801 
9.5298638/9.9735346 


9.530214 


9-97 348 g1 


þ 95316143 
9.3319635 
9.3323123 


9.97 33980 
9-9733523 
9.97 33067 
9.9732610 
9.9732152 


13s 
5 
5516 
j 


1 


5326608 
5330090, 
$333569, 


9 9731694 
9.9731236 


FM 9739777 


995337044 9-9739318 


9-5 3405 I7 
SINE” 
Complement, 


9. 9729858 


9.97 34435 


ANGENT 
Complement. 


Io. 4508513 


9+ 5495 FOO 
95499511 
9.55035I9 
9.5507523 
9.55IIFz5F 


9-5FIF5 24 
9-5FI9921 
95523514 
9.3527504 
Ley 531493 
9.5535477 
9-5539459 
9-5 543438 
9:53547415 
9:5551 388 
9-5555359 
95559327 
9.5563292 
95567255 


10.4440673 


I0.4504500 
I0.4500489 
[0.4496481 
[0.4492477 
10448608 
19.4484476 
10.4480479 
[0.44764 86 
10.4472496 
10.4468508 
10.4464523 
I 0.4460541 
[9.4456562 
10.4452585 
10-4448672|15 
10.4444641 


10.4436709|[l 
10.4432745 


9-557 12 I4 
9.5S7SI71 
9-5579125 
9.5583077 
9.5 587025 
9.5 590971 


10.4428786|10 


I0.4424829| 


I0.4420875 
10.441692 3 
I0.4412975 
10.4409029 


9.55 98854 
9.5602792 
9.5606727 
9. 9.5610659 


9.5 594914110.4405086 


I0.4401146 
I0.4397208 
I 0.4393273 
10.4339341 


Sine, 


"TANGENT 
Complement, 


Com. Arith- 
. of Sine] 


C———— C ———  — 


28. + 57809 
27475 
26 475 


2 5:.474725 i 


—  __— 


244743702 
234740156 
22444736613 
2114733073 


19 4726003 
184722474 
17, -471 8947 
16.4715423 
I f-4711903þ08 
4 4708386 
1 3.470487 


Il 


a 


04694350 


4683 


.467 3392 


= Bw Þ[ AY >» | 


466643 1 


04659483 


Tang. 


H h 


30 <4765047 . 
Ty 4761482] 


20. 47295 37þ2? 


2 


1244701 369 
469785 


pea 
e4676877].02 


.46699g10| 
I! .46629 56fc 


OO O— 


-0257430 
Oþ02 57 $78 
0258327] ©; 
0258776 
0259226 
.0259676}-- 
-0260127]|-. 
.0260558]| + * 


0261481 
0261933 
0262385 
0262838 
.0263291 


[46 90849 "02 
—— 


7 ©| 


— 


| Sine. 


6; 


7 


Aro 

il 
11S 
I'2 
13 
149-5388 


21 


s LS 


219-5 347452 
Ei «5350915 
9.5354375 
$19-5 357532 
'9« 5361286 
9.5364757 
$i9.5368184 
9.9-5371628 
95375069 
9.5378508 
9.538194 3 
9. 7385 375þ 9723045 
49.972 3380 
493) At be 
9+5 395653 
1719-5 399073 
1 $19. 5402.489 
I 919-5 425903 
2019-3429314 


26 9.5429713 
27519-5433103 
2$19.5436489 
9.543987? 

9-5443253 


29 
3919 
SINE 
: omplemenr, 


/ 
SINE 


9:97 27092 


9-97257931]9 


9.971634 


Sine, 


519.972 So iodlxoiarts 
9.97289351[9.5618515 
9e972D47719.5622439 
9:.9728016 
9 9727554 


9-9726629 
9 9726166 


1 & Ba Je} 
9:9724775 
9:9724310]g 


9 972244819 
9.9721981 
9.9721514 
9-9721047 
9:9720579 
9-54127211g.97201 Io 
22]9-5416126\0,0719642 
2 31945419527) 
E49- 5422926 


| mn ———EEE  ———_—_—_— KN —— 


Je9 719172 
9.9718793 
9.9713233 


Tang TARTE 


| Compicaenc. 


— CI —_ - 


9.562 63 \ ba 


9.5649831; 
9:5653733 


5657633 
9. F66I5309, 


| 


2.5673205 
d 567 7ogh 
9.5680975 
9.5684856 


3.5692611 1/10, .4307389 
L0.4303516 
10.429964.5 
10.4295777, 


9-5696484 
945700355 
945794223 


9.9717762 
9.9717291 
LEN 


9:9715576/9.5 


9. 9.570305510 


T 4385437 T: 
I9.43381435 
10.4377561 
(19-437 3640 
>.563027310.4369 722 
9.563419410. 4365 d06 
oN 563810710. 4361093 
9. 564201810 +4 357992 
9 5545925110. 4354275 

Mes © Let 4 
LO, 4346267 
10.4342 367 
10.4338470 
of 5665424110 4334576 


bs 
58þ4552548|. 
571494905 
5674645625 


$41 403.071u4. 
53-45 35253 
E2þ 
F 1] 
\ Ju 1 
49; 


4628372], 


4621492 


4618057 
4514625; 
.46I11196. 
4607770 


48 
+7\ 
46 
+5 


9.56693 1610. 4330584 


10.4326795 
I 0.4322909 
I0.431902F 
T0-431514441 
9.5 588735 10.43I1265 


44 $4694347 


43] 4600927; 
42 
4594097 


424590586; 


39 4587279 


37.4580473/. 
36.4577074: 


9-57I1951 
9.571F811 
9.5719669 
9.5723524 
9.572737] 


10.42 84159 


L0.4280331 
10.4276476 
I0.4272623 


34.4570287, 
133,4565897 
3k, 456357 
31 45601210 
30 4556747 


TANGENT 


Tang, 


169] 


Com, Arith5 Coin, Arkh 
- 


0273371 
.4631816,0273834 


4624930; 02 
«0275225 
*02756g0 


459751 11.02.7848 


38.4533 874 02803Fl 


Complement, 


nt. , of 51 Sine] of Sine <y 

527019] 
0270601 
0271062 
0271523 
0271984 
551464216800 


0272908 


0274297 


0276155 


0276620 
027708 


0277551 
027801 


027895 
202 79421 
0279890 


02 80828 
0281297 


19.429I912135 4573679 0281767 
IO .42 88049 


02 ; 82240 
.a2 82709 
.03 $3160 

0203651 


028413 


9.54665 32 
9.5470199 
3199-547 35 42 
0.547689 3 


1þ.5480240 
11945483585 
39-5486927 
119.54902 66 
9.5493602 


choke ed 


3599 
*9713035 
9.931256C 
9.9712004 
9-9711608 
9.9711132 
9.9710655 
9.97IO0I78 
9.97 09701 
9-970922}3 


7619:5727377|k0 
9+ 5131227 
9:5735974 


5719-57 38919 
3 35742701 


9.57 46601 
9-3759430 
9D 57 54292 
9-5758104 
9:3701934 
95765761 
9.537695 05 
9-317 3497 
9-5777226 
95781043 


99708744 


$9.5496935 

9.5 500265 
019-5503592 
99.5506916 
99-5 5102 37 


19-5513556 


21925516871 
#39-5 520184 


9-352 3494 
$519.5526801 


19.9704902 


9.9708265 
9.9707786 
9.9707306 
9. .9706826| 
9.9796346 
9.9705865 
9-9705383 


9.9704419 
9.9703937] 


dar 
533406 


3539999 


$5367049.9702 48619 


9:970345+ 
9.9702970 


9.9702 002 


95784858 
9.57 88669 
945792479 
9.5796286 
9-5 800090 
9. 5803892 
9.5 507691 
9.5811488 
9.5815282 
9.5 819074 
9.5822864 


9. 5826651 
9-5830435 

9.5834217 
9.5837997 


1 719-5 94177410: 


| — — — 


.TANGENT | 


C 


TANGENT 
_Crouplemn ar.. 

I 0.42 72623 
0 4268773 
l 0.426492 6 
L0.426I001 
[0.4257239 
(2423 3.399 
I0.4249562 
[0.4245728 
I0. 4241890 
10.4238066 
O42 245M 
10.4230415 
I0.422659, 
I0.4222774 
I0.4218957 
I0.4215142 
I0.4211331 
I0.4207521 
[0.4203714 
10.4199910 
10.4196198 
10.4192309 
I0.4188F12z 
10.4184718 
I10.4180926 
10:4177136 
10.4173349 
I0.4169565 
I0.4165783 
I0.4162003 
I 0. 4158226 


Tang... 


omplemenr. 


Hh2 


[1M 


29+453 3370 
12 $+45 49995 
27+45466: 4. 
26+4343255; 
2 5+4539390; 
244536528 
250 «4533160. 
22 -4529811 
21+-4526458 
20:4523107 
19+45 19760 
18-4516415 
17+4513073 
16-4509734 
r 5-45053958 
[4 «4503065 
1 3-4499735 
12+4496408|. 
114493054, 
Io; 4489763 


"9:4486444] 


| 


— —— ——_ 


pi 

3 $4466594 
2.4463296 
T' 4460001 


© -4458708] 


Com. Arith-,Com. Arith | 


mer, of Sits of tf SincConn, 


30+4550737þ 02 $4124 


$.448312 9]. 
Jl 4479816], 
6-4476506|, 
F:447 3199] 
4459893]. 


0284596 
0285069 
0285543 
0286016 
0286491 
0286965 
0287440 
.0287916 
0288392 
.0288868 


—  —_—— —__— _— 


0289345] 
.0289822]. 


.0290299 
0290777 
0291256 
0291735 
,0292214 
029269 

0293174 
0293654 
0294135 


02979309 
»0297514| 
0397998 
029848 ay 


kt 


Ye 27. PER Complemear, | Complemenc. mer, of Sine. of Sine 


1 o 5543292 9-9701517 9.5 $41774|10-4158226|60|-4: 5 6708[.02gf 
| | 119:55455811g.9701032p.5845549|10-4154451]59h41 534190298968 
219-5 54986310.9700547|9.5849321|10.4150679|58þ4450132[-9299453 
319-3.5 5315219.97000611]g.5 85 30g91[10.4146909|5 744+6843|-029993 
9-55 $643 319-9699574|9-5856859|10.4143141]56þ44435671-030041 
$19-53597111]hg 969908719. #8506241 0. 41393765 5þ 444922 8940 30091 
9-5 56298719. 9698600[g. 5864386710. 4135614544 4437013 © 30Iqor 
719-55662599.969811219. 5858147,10-4131853]5 3-443 3741930188 
$19.556952919.9697624(9. 5871904'10.4128096 521443047 11030237 
919-5572796(g. -96971361s. .5875660\10. 41243405 1|-4427204030286 
r019-557 60609 .96966471g.5879413/1 0.41205 87/50] 442 3940030335 
23579321 g-969615 8[g.5883163'10. .4116837149.4420679þ0 30384 
219-5582 579]9.,9695668[g.588691 2110 .4113089/48|.4 441742 1|0 304332 
9.55858351,969;177 5899657 10.409 343[47+44141 65|-0 304823 
I 9-5 5890880, 269468919. 5894491/10. 4105199146|.4410912 
1 519-5592 333g 96941 9619. 5898142 10.4101 85845. .4407562},030580 
9-5595585 9.9693704[9.59g01 881'r0; 42981 1944/-449441 5].9030629 
9.5598829]9.9693212[9.5905617|10.4094383 434401 1 71x{-0306788 
9.560207119,9692720[9.5999 35 1110.4090649/42,. 4397929|-030728 
9-5605310[9.969222719.5913082 I0.4986918/41 «43 94590; 
2019:5608546|0.9691734|905916812110.4083 188/40 .4391454|.030816 
9-56E177919.9691240 9.59305 3910.4079461[39 39-4388221/,030875 
9.561501010,9690746]g.5924263110.407573713843 $4990; 
95618237 9.96902 52|9.5927985110.49720151[37, "4381763, 030974 
9. $63 1462), 968975719-5931705|10.4068295 36.4378538|.0310243 
9.56246855 9.968926219.593542 3]10-40645771354375 31 5931073 
9.56279041g,9688766 9-5939138110.4060862|34,4372096|-03112 
9. F63ZII21]G, 96882701[9.5942 851[10.4057149|33 -43 68879031173 
9-56343351g, 96877731[9.5946561110.4053439;32.4365665|.031322 
4 F637546 9.968727619.5950269[10.4049731 311436245 4|-03127! 
9:56497 54ſ9.968677919.595 3975[10-404602 5/39 .4359246þ0313311 


SINE TANGENT 
A Sine, JI Tang, 68, 


Sine.: |. SINE Tang. | CAaNGENT = Arith GIA 


Com, Arnh! 


109 56407 5419 LIC STIR 


9.968325 


;$ob-7 up 


56980439. 9677753 


9:5704355,9-9676741 
9.57075069.9676235 


139.5713802 9. 9675221 
149. $7169469.9674713 
Mi. 57200879. 0674105 


$9:9633586 


poe8res! 


| Tang, 


95953975 
9-295767y 
9.5961380 
9.5965979 
2.5968776 
9:5972479[10 
9+.5976162 
959798352 
9.5933540 
9.5987225. 
9. 2.5999928 
7919-5994588 
719 5998267 


9, 57012009. 9677247 


$2.57106569.9675728 
9.60422 


ſ 9-$7232269 :9673697 


9.6001943 


9.96792679.62992 85 


556917219 29678763 
$6948839.9678258[9-6016525 


9.6012g958; 


9.6020290 


9.602395 3 
9.602761} 


9.603I271 


9. 6034927) 


9, 6038581 


33 
9, 6045882 


9.6049529 


10.3968729 


raNGENT 
Complement. 


IO. 404602530 
[0.40442 321 
10.4038620 
[0.4034921 
[0.4031224 
1 0.40275 30/2 
| Co F 4223832 
[0.4020148 
10.4016460 
10.4012775 
[ 2.4009092 
19.4005411 
I9.4901733J 
l0.39980F57 
19.399430d3 
©O-3J990 FL. 
19.3987042 
[09.3953375 
[0.39797I0 
I0.3976047 
19-3972 387 


I0.3965073 
Ilo0.39y61419 
[0.3957766 


10.395411d 


103950471 


Com. Arith- 
met. of Sine. 


EO IIs 


of SincCom., 


+031 3221 


0313719 
0314217 


7D C— — 


29. +43 56040| 
20-4352837 
274349637þ0314716 
26.4346439-0315215 
25:4343244+0315714. 
"y 4340052 0316214 
23; 433656 3þ 0316715 
2214333676\0317216 
2143304920317715 
20443273I1hþ 


CO OR Oe EEE — —— 


19443241 32| -0318721 
I 8/.4320956|.031922 3 
I 7.431 77830319726 
16.431461r 39320229 
15-4301 4459320733 
1 4.4305279.0321237 
I 3.430FI17;0321742| 
I12.43019575}.0322247 
I 1.4298800j.0322753 
29,2295 6451-23208 
9.429249 4-0323765 
8.42 $93 .441-0324272 
71.42386198'.0324779 
6.428305 4. 0325287 
4 437991 31S EMR 
442767 74-9326303 
3.427 3638..03268 T2 


9.6053174119.3946826 
jb $729495'9. 967267 99. EC? 271 20<T42] 83 
9p.57326269.9672169]9.6060457 103939543 
:$735754 9: ht 65919. 6064096[10.39359094j_* 


F 
P719.5726362/9.9673188 —— 


21.4270505 
0327531 


1,4267374 
of +42 2 642 46}. 


— — _—_—_ 


J 


| — — 
= CRITTS: cans, —— — 


TANGENT 


Comp'emenr, 


6 


22] Sine. 


BY 5735754 
1:9.5 7393 »0- 
219-57 42095 
319-5745123 
49-374d240|; 
$19-5751356 


SINE 

GOmplement, 
p 9571659 
199671148 
9-2670537 
9.96 70125 
9.9663614 
9 9659101 


_— 
69:5754458!5 
7.9-5751570 
$:9.5790685 
9/9-5763790 
10'9-5 5766392 
1119. 5759991 


.965d585 
S359 
9.9657562 
9:-9557048 
P 1 9595 ES, 
9. .9566018 


1219.577 3988 
1 319.5776183 
149-5779275 


1719-5785 35 


1919-5794695 


1 519-5782 364 
1619-5785450 


2019+) 37971772 


21 9- 9.5800845\; 
2219-58039171g 
2 319 + 5205986); 
24\9.5810052 

25 9.58137116 


9 9655503 
PITI_S v7 
99064471 
9 9563954 
9.9663437 / 
9.9662920 
562402 
9.966188 4 


Z7 


SINE 


omplemenr, 


2619. 9.53816177 
9.55819236 
2 $19,5822292 
29 5825345|, 
3019-5 5828397], 


9 9661365 
9.9660845 
9660326 
9.9659 806 
9.9659285 
ood belles. 
9.9658343 
9.9657721 
9.9657199 
9.9656677 
9-9656153 


[1A 


Tang. 


J. 606775210, 
9 6071365 lo. 
9.6074997,19. 
9.H97S027F10. 
). 3.60822 5410. 
9. 6935889 L 0. 
3.698950310. 
0.029JI2410 
9.6295 742 10:3 
9. 61095352 210. 


9. 51039731 
9.6107586 10. 


9.5122013 Io 


9.6150766 


9-61 $7934 
9.6161514 
9.6165093 
9.6168669 
9.6172243 
TANGENT | mo. 


| Sine, 


Complement, 


9.HI11196 10.3 


9.6125615,10.3874385 
9.612921410.3870786 
9.6132812 10. 386718841] 4205305 -033811 
9.6136407 10.386 3593 3/40. 4202225; 03 38635 


NGEN ”, 


| Cnotennr. | 


— OGRo—RO ROO 


«392 50031 
3921373 


3914120 
3910497 


7 
— 


$923 
3899641) 


2.389602 7,49) 42 30009933399 
339241448 4226912-9334497 
383880447. -422 3817. -0335o13 
9.6114$04 10, 3>55196;46; 42 20725+0335529 
9.611409 10. 383159145] 4217636. 03360 
44:42 14550. 0336563 
+. .4211455\-033708 
42; 420838403375 


3877987 


— — —; 


07. 


Con, Ariti C70, Arid; 


]f f'S ne Com, 
9323341 
0328851 
-932936; 
9329375 


mt . of Sin?. 


J. 5553076 19-3935 904 160; 42 64246 
393226 [59642 61120 
322853458; 


Hl 57997 
«4254577 
56-425 1760, 


3917745 514245 544:23 30899 
©4245532-5331q18 


branes 
239315 


—— IE cms 


.42 36210. 2 332952 
4233198, *2 333467 


23 30386 


-233l935 
«2332438 


ban - 


9. 9.61 40000' 10. 3860000 39 4199155, 033915 
9. 6143591 10.38565409 38 .41 96083 .033967 
9s -614718610. 338528203 7 4193914, 034019 

I0.338492 3436 .418994 9.034071 
9.61 TILES 384564235 418638403412} 

10.3842066 34. 4183823) 034179 
10.3838486 33-41 80764 034217 
10.3834907 32 .4177708/.0343b0 
10.3831331 31 .4174655 
IO. 10.3827757 39» 4171603 


Tang. 4 = 


034338 
-0343% Ly 
hb” 


wa Fw a 


OY 
. Alta W.. 


SINE” 
Coumplen:: -n-. 
9.5828397]9.965615 3 
1.58314459- 955563C 
9-53 34491;9-9555106 
9.5837535:9.25545 $219 
9.584057 69. 95549257 
1.5843615/9-965 3532 
9.584555 19-965 3995 
9.5849685'9 96524d0 
9.385271619-96FI953 
9.38557459-9651426 
).585877119.9550899 
g.586179519-9 9659371 
958648169. 2649843 
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9.7413650 
9.7416638 
9.7419624 
9. 9.742 2609 
9:7425594 
9.742 8577 
9 7431559 
9.7434540 
9 7437520 


| 


TANGENT 


Comp'cment, 


10.2652356 


102649344 
10.2646333 
[0.2643323 
[0.26403L5 
10.2637307 
10.2634301 
[0.2631295 
I0.2628291 
[0.26252 8D 
[0.26222 86 
10. 2619285 
I0.2616286 
I[9.2613287 
[0.2610290 


£0.260729J 


10.2604298 
I0.2601304 
[0.25983I1 
I0.2595319 

I 0.2 592328 
r0.2589338| 9 
I0.2586350 
10.2583362 
I0.2580376 


£03777 39% 


10.357 4406 
I0.2571423 
I0.2568441 
I0.2565460 
10,2562480_2 


Tang. 


Ft 3 


Com. Arith- 
__ mer. of Sine. 


30'. «3213371 
29, 3211045 
28; 3208721 
27/3205398; 
26. 3204076 
25.320175 

243199449 
23].3197123 
22\.3194809 
21.3192 4909þ 


19.3187 874 
18, +3185566 


I 3.3174048|. 
12.31 74750 
11,316945-þ 
19.3167157 
£3164863 
$316: 570 
7/.31602 50}, 
6.3157999 
1 + LITE 
43153417 
3.31511 32þ. 
2.3148549 
11,3146568 
o .31442 58 


=. 


17,.3183259þ 
16.31809 54; 
4 © het Loo. 
14.3176 349þ 


Com. Aryb.) 
we $:ncCnin.! ; 
0561015 
O5J61 JO1 
-0562388 
[2363078 
0563762 
9564451 
«0565139 
0565828 
«0566518 


20 +3190184þ05 


20575524 
0576221] 
0576917 
.0577614þ 
0578312 
:0579010f 
0579709 
9580408 
.of81107 
jt oh 


| 


— —— — — 


57440499110: 25595015 
$7443476]10.2555524\58 


9. nth 9417492 
3.686025719-9416791 


a ritg 542 aint 1 4 ; 


99. 5:9413902(9; ob 
9 941327919-745.3349 
9.941257519 7461320 
9.941187119-7464290 
9 941116619.7457259 
9.941946119.7470227 
9.94997 5519-7473194{10.2526806 
9.949994819.7476160 


S S©V SITES SIT) 


£00070 F400 REY 
9-940692719-7485052 
9-9406219 9.748801 3 
9-940551919-7490974 


TANGENT 


penn 


Com. Arich-:Com, Ja 
mer.of Sine \ot ef $i 


10-25 53547 
10.2550572 
[12 2547597]5 
10.2544624 
I0.2541652 
10.2 538680 
19.253F5710 
02:3 £32741 


10.3529773 


10.2523840 
10.2530875 
10-2517g11 


19.2514948 
10.2511987 


10.2503108, 


9-940195919-7505762 
9-9401248[9.7508716 
0519-9490F3519-75116691 0.248833 1122. 


10.2500150 


j45[9-93998236.75 14622 


10.2485378 
19. ped 


10.2479477/? 


19. 939768219: 7523477, IO. 2476528 
0 019. = 752642010. 24735 8032 


Tang. (60 


10.2 509026 
+7493 934|19-2506066 
098 319-940409119-7495892 
7499850 
6 I 0.2497194 


10.2 494238 
I0.2491284 


Gol 3144238] 9581$6 | 
9-314200gþ 058250 | 
+31 3973 3þ95832 
57,431 37458þ9583g]} 
+3135184þ0584611Þ7 
-3132912þ05d5zigh|. 
+3130641, 05 $601 
-31328374]-058671 
312010 0G | 
+3123839 
Fo\-3I21575 05888; 
«JI Igz12þ058g5 
+311705 105903 
+»3Z114791|95 9ogf 
51.2I1253 3959165 
4551102771598 
+4. +3 10802 2þ059307 
4 3'.3T05768þ0593 
421.31035 16þ059 
41].3r01266|0595ly 
42; 30990 1 71925959 
39:309676gþ05960 
3.3094524þ9597 
37|.3092279þ05990 
36|.3090036þ-05987 
35\, 3087795} 05 gg4l 
34, .3085555 06001707 
33; 30$3317|-0600 
2| 2081081 0601 
.30788451.06023 
| 307661 2|.06030 


o$881 


c—_— X 
we Sine. 


6923388 


SINE 
Complemen:. 


9.9396968 


9.6925620 
9.6927 85 119.9395 537 
09,9394321 


d{[+-19.693008 
balg-6932308 


$319 [þgp-69345 34 
wil 693675 d 


1719-693 8981 
N{$8p-6941203 
11 hylp-694 3423 
109-6945 642 


4 $-6947859 
9.69 50074 
9.69522 88 


0954502 


[196969947 
9.6972 148 


15]. 2.697 8741 


9.9396253 


9.9394195 
9.9393388 
9.9392671 
9.9391953 


9-9390FI5F 
9.9389796 


9.9387635 


1219. 9.9386192 


9.9381851 


2.937394 


al F71s-69831299.937749: 


- 444i 93767649 es 


=5 NE 
omplement, 


| Sine. 


9.9391134 


9.93 8907619 
9.9388356 


9-9386914 


2219.9385470 
9.93 84747 
9.9384024 
9-938 3300 
99382 $7619-7 


90 9381127 
19.6974347 9.938040 
549.6976 $45/9-9379674 


| {56 .6980936g. 9378220 


(O) 


| Tang. 


9.7526420 


97529368 
9.7532314 
9.7535259 
9.7539203 
9.7541146 
9.7 544088 
97547029 
9-7549969 
9.75529c8 
9.7555846 
7558783 
oreryel 
9.7564653 
9.7567537 
9-75793J20 
9:7573452 
9.7576333 
97579313 
9.7582242 
9.7585170 
9. .75 88096 
9.7591022 
9:7593947 
9.7596871 
9.7592794|2 
9.76252716 
9.7605637 


| TANGEN Ti * 
"Complement, 


TTANGENT 


Complcment. 


10.2473580 

[0.24706032 
10.2467686 
L0.24604741 
[0.2401797 
10.2453854 


10. 24553912 
L0.2452971 
I0.2450031 
1 0.24470912 
10:2444159 
10.2441217 
I0.2438282 
$0.2433 347 
I0.3432413 

10.2439480 
10.2426548 
I0.242 3617 
10.2420687 


10.2417758 
10-24148$3o|le 


I0.2408978 


I0.2406053 
I0.2403129 
LO. 2400206 


10.2397284 
10.2394363 


I0.2391443 
I 0. 2 _ 


Ky 


Com. Arith- 
met, of Sine. 


3976612 


29+. 30743 *Ol. 
2 8. 3072149]. 


zol. 


24-3063242 
23|.306101g|. 
22030527977 

3056577 
20/. 3054358 
19.3052141 
1 8.304992 6|. 
17-3947712| 


I 3.. 


12 


10.3032255 
9.303005 3 
$.3027852 
73925653 
6.3023455 
$.3021259 
4.3919064 
3. 3016871]. 
23014679 
1.3012489 
0.3010 JOOþ 


2743969920]. 
6. 3067692|. 
25.3065466|.0: 


16.3@045499þ 
IF. 3043288. 
14.3041078]. 
3038870]. 
+30 36664]. 
I11,.3034456| 


»m.Amnch, 
of SincCom, 


Phe SELIG Rs 


0603032 
9603747] 


0607329 
0608047 
0608766 
.0609485 
0610204 


O61 10924) 


k 


-061154 
0612365 


«0617424 
0618149 
0618854 
0619600 
0620326 
0521053 
.0621780 
-0622508] 
,0623236 
.0623965 
0624694 


F 


UW2 


26s 92 omplement. _Complemenc, | | jmer of Sine. 
9. 6989700[g 9 937530019 LT 9419. 238560660 -30103oo| 


9.699188 7|9-c 2937457 719.761731 1]1061 2382689 59) 3008113). 
2.69940749-937384719-7620227|10-237977 3158-3005 927 
9.69962539.937311619.7623142j10-2376858|57,-3003742, 
9.699344119-9372 3 551]9.76260561\10.2373944(56|.3001 560}. 
9.7000622/9.93716 53(9.762895910 2371031 bo 
9.70028952 9.937092 11g. 7631881 10, 2368119 4 -2997193|. 
9.7004981,9.937018919.7634792[0-2365208\5 3.29950]. 
9.70071589. 9369456|907,637702 I0.2362298|52:.2992 842, 
> 79093349: 9368722 219% 40612|10.23593d9 51/.2990666|. , 
1 o/9,700I508 9. 936798819. .7643520|10-2356430(50 .2 988492]. 
I1]9, 0701368119. 336725419. .7646427 10.235357349|- .2986319/c 
12[9,7015852.9-93665191\ 7649334|19.2 350666/48 22984148]. 
1 5]p.7018022/9.9365785Þ.7653335 10,2347761 7.2981978|. 
9:9355047[9.76551431]109-2344857145-2979810| 
5719-936431119.7658047110.23419 5345 |2 29776430 
9-9363574|9-7660949g]1 2.23 3905144297 5477 
1719.702658719.936283619.7663851 10.2336149j43|-2973313 


IE OY 


ESERRTzEE 


1 819.702 8849]9.9362098|9.7666751110.2333249{42|.2971151 
1919.703101119.9361360(9.7669651110.2330349|41|.2968989 
2019.703317019-936062119.76725 Fo[t0-233745 042/.29668 30þ063 
21 90353590: .935988119.7675448|10.2324553|39;.2964671 


22 9.703748619. 9359141 9. $7678344\1 0.2321656 35, 2962514| 
[2 3]9-703964119-9358401[9.7681240|10.2315760 37 2960359, 
2419.704179519.9357660(9.7684135110.231586513 02958205] 
2 519-704394719-935691819.7687029]1c 10.2312971 35 [.295 6052.06 
.704609919.935617719.7689922|10. .2310078 34 e295 3901þ 
2719.70482489.935543419.769281410.2307186133.2951752þ. 
2819.7050397(9.9354691[9.7695705]10.2304295132|.2949603]. 
29/9. .JOF154319- -935394819.7698596 Io. 2301404]3!| 2947457 
309; 705468916 663532049. 9-770145S5 I o. -2299515 39.2945311 
TT FSING - G TANGENT F R=s Wh 
Comp!emenr, | OING. Complement. ang. 159 


da, 


ith, i) » Sine. 


J; 129546 3g 
9.7056833 
97053975 
9.7061116 
9.70632 56 
$:706539- 


ig.708032 3 
9.7082450 
fo. 08 

$ 1004575 


'h B9090943 
19-709 3063 
9-7095182 
$09-7097299 


97086699 
97088822] 


SINE 
Com plenenr. 


| Tang. 


2.935 3204 


99352459 
9-9351715 


9.93599699 


9.9350223 
9.9349477 


99344988 
9-93442 38 
9.9343488 
9-9342737 


9.93412.34 
9.9349432 
9.9339729 
9-93 38976 
9. 9333222 


9-J0og9415 
(tb.7101 529 
file 9710364219 
149710575 3 
1$p.7107863 


9.93 37467 
9-9336713 

9.9335957 
9.9335201 
9.933 4445 


(6.710997 3 
7119-7112080 
8.71141 86 
199.7 1-6290 
P0Ig.7118393 


9.9333688 
9.933293 
99332173 
9.933141F 
9.9330656 


9.9341 986] 


TANGENT 
Complement. 


Com. Arith-|Cem. Anh... 
met. of Sine. 


of SincCom. 


97701485 
97794373 
9.7707261 
7710147 
9.7713033 
9-7715917 
9.7718801 
9.7721684 
9.7724566 
9:7727447 
9.77 30327 
9+77 33296 
9.77 36084 
9-7738961 
9.7741838 
9-77 44713 
9-7747588 
9.77 59462 
9:7753334 
9.7756206 
97739077 
9+ $7761947 
9-7764816 
9.7767685 
97710552 
9.777348 
997776284 
9-77 79149; 
97782012 
9.7784875 
9.77 87737 


10.2298515 
I0.2295627 
10.2292739 
l0.22898F3 
l0.2286967 
10.2284082 


— — - _—C— —— 


10.2281199 
[0.2278316 
102275434 
[0.2272553 
I10.2269673 
I10.2266794 
I0.2263916 


I0.2258162 
20:34 FFI 


[0.226103g] 


302294 FILE IHG 
+2943167þ| 
$2941025þ 
——_ 
gh 

2932469 
£93033 3þ 
.2928199 
+2926067| 
2 01.292 3936þ0 
2921806 
22919677 
.2917550|- 
2915425 
-291 3ZOIþ 


— ——c  —— 


I0.2249538 
L0.2:246666 


10.2243794 
10.2240923 


I0.2235184 
10.2232315 


ACC. 


I0.2252412| 


I0.2238053| 


.22 36582] - 


pabaaAha þ 


7.2896358|.0664043 
C, POT 


19.2220851 
I0.2217988 
I0.2215125 
I0.2212263 


SINE 


omplement, 


Sine. 


TANGENT 
Complement. 


20: 
Q.2223716; . 


2885719 00668585 
607]. 259244 


— — — — ——_ 


Tang. 


1 14: 


» CI 


"SINE TANGENT | {Com. of Sao Sat 
Sine. __ Comptement, Tang. | met.of 'Sine,|of Sig 
; 9*7113393 9 93306569. 778773710: 221226285 | 


501:288160 7.08534 
119.7120495/9-9329897/9-7790599 19-2209401]59-2879505þ06701 
219.71225961(\g. 9329137 9- :7193459 10.2206541 5 8]. 2877404. 
3]9-712469519-932 83769. 779631810. 2220368357.-2875305|. 
9.712679219.93276169.7799177119.2200823|56.2873208| 
519: 71280599.93268549-780203410 21979661(55|: 287117 1þ 


—_ 


"619.71309831g9.5 9326092/9- .7804891110.2195109 54: .2 86901 7. 
7/9-7133977]9 9325339/9-780774710-2192253 53] -286692 3]. 
$9.71351699.9324567]9 7810602[10.21893g8|52/{-2864831|. 
919-7137260(9.9323804|9-781 3456110.2186544|51|-2862740]. 
nolo.213934900.9 9323240 /9:781630g|10 10-218 369115 0|- .2860651 
11j19.714143719:932227619.7319162: 10.218083 8/49. 2858563 
[219.714352499.93215119-7822013|10.2177987'48 gl. 
13/9.714560919.9320746|19.7824864|10.2175136/47|-2854391þ. 
9.714769 319.9319980|9.7827713|10.2171287146\.2852 307, 
149 -931921319-7 7830562 10.21694 3845 2 $502.24]. 
16 TTTIETE] .931 844719. 7833410[19.2166590 2848143]. 
<9317679|9.78 36258 10.2163742 3/.2 846063 . 
-9316g1119-7839104|t0.2160896(\42|.2843985|. 
{1 919-715 $09119.9316143]9-7841949]10.2158051/41].2841908]. 
2 019.7150168190.931537419-7844704[10.21 55206140,.2839832], 


_ Ha! rap 5 i 


716224 Jſg. 931462519.7847638 10. 2152362 39 283775 0 
22]9.716431619.931383519.7850481[10.214951938.2835684.06 
2 49.716638719.9313065[9.7 853323[10. 2146677137-20337T3 
2 9.71684586.931229416.7856164(10.214383636 tbe 
2 519-7170526Þ.931152219.78 5900410. 2140996|35\.28 2529474þ 


Es moms 
—<_— —_— ._ 


+ .717259419.93107501g9.7861844|10.213815634.2 2 $2.7406|5 


2719 1446-99088 ,9 930997819.7864682 19.2135 3T 8${33;. 2 $2 5349]. 

7176 4 4 930920519.7867520]r0.2132480(32 .282 3275]; 
ys Jx7S78 919.9398 432[9.7870 357[10.2129643[31|.2821211|.c 
z0lg-: 71 So857 9.932765819.7873193 COILENIONS 5019248 069234! 
—T"SINE TANGENT MA mi he hn i 
'Compleme nr. SINE. Complemenr. _Tang. 558 


Jil. —Tne. 


9, 130851 
IT 


$59.7191142 
) | 3697193196 
) | 18719-7195249 
399-7197 300 
39947199330 
£9.7-2-399 
19.7203447 
947205493 
4319-72075 38 

9.7209581 
k519-7211623 
(89.7213664 


STNE | 
[Complemeng. 


Tang. 


TANGENT 
Complement. 


Com. Arith. Com. Ik. | 
mer, of Sinc.jof Sine-Com. 


9.930765 dg 0.7873193|10. 


10.2126807 


9.78 76038 
9.787886} 


9.9306883 
9.9306109 
9-9395333(9 7581696 
9.930455719-7384529 
9.939378119.7 88736111 
9-9303904 9. 2.7890192 
9. 93022269. 7093023 
9.93014459.7895852 


10.2123972 
I0.2121137 


9. 93006709. 7898681 
9. 292998919. Xo ot 


10.2118304 
IO.2115471 

I0.2 2112639 
Io. 2109808 
T0.2106977 
10.2104148 
I0.2I01319 
10.2098.492 


9. 92991129 7304335 
9-9298332'9.7907161 
9-92975519.7909987 
9. 92967709. 7912811 
9-5 92959899. 97915635 
9.92952079. 7918459 


19-7215704 
09,721 7742 
99-7219719 
1697221814 


9. 9294424 9; 7921280 
9.92936419.7924101 
9. 92938579. 7926921 
9:92920739-7929741 


19-7233848 
29.7225881 
| Jy. 72279139 
070043 
$19.7231972 


9. 9291289). 7932560 
9.92905049.7925378 
9.92897189.7938195 
9.9288932.9.7941911 
9.9288145/19-794382 7] 


$69.72 34000| 
91.9-7236026; 
$35.723805 1 
1997249075] 
209.7243097 
SINE 


Complcmenr, 


992873589 7946641 
9.92 8657119.794945$ 
9.9285 78319. :7952268| 


9. 9284994(g. 795 Sor 


719.928420519.7957 $92 


IEEE ——_— OO 


Sine. "TANGENT 


1Comptemenr. 


10. 2095665 
I0,2092839[1 
I0.209001 3 
I0.2087189 
I0.2084365 
I0.2081542 
I0.2078720 
I0.2075899 
I0.2073079 
10,3079259|L0 
19.2067440]|. 
10.2064622 
10.2061 805 
19.2058989 
IO. 20561k 273 


10.2047732 
10. 2044919 
10.2042108 


—  —— —_— _—_ 


19-2053359| 
10,2050545| 


07]30:2 8191 49) .0692 341 
29. 0693117 
2 8.281 5029|.0693891 
27 -2812970|.0694667 
26'. 2810914 

25. -2808850.. 

2 4+ 2806804] 
23). 2804751, 


222802700, 
4%, 


+2 8600659; 


202798601 k 


19-279655 3.07 
18.2794507,. 
I7.2792 463, 0702449 
r6. *279041g, .07032 30 
15-2788377,0704or1 
I 4- 2786336, 0704793 
13.2784295,0705576 
12 -2782258\.0706359 
IT .27802210707143 
| 
I0.27781 8640707927 
5. 2 77OX53p020EHEY 
8. 22774119, »07094 | 
7 2772037, co 
2770057, 20711068 
276802 d, 


——_— —  _— 


.2766030 
2763974 0. 
.2761949. 
-2759925 
al fe 


0700888 
0701668 


7-342 9] 
0714217 
0715006 
9713195) 


; 


[ 


A | 
= [- —_ En M5 
3 


F 


_ » 


[FL] 
to 


Sine. 


9:7242097 
9. 7244118 
9-7246138 
9.7248156 
9.72350I74 
9:72.52109 
97254204 
9.72 56217 


oe ON DENSE IT "0 4 


9.9283415 
9.9282625 
9.9281934 
9.928104 3 
9.9280251 
9-9279459 
99278666 


97258229 
9-7260240 
97262249, 


Le 
_—_ 


9.72642 571g 
9.7266264 
9.7268269 
9.7270273 
WES 2D 


9.7274278 
9.7276278 
9.7278277 
9.72 80275 
9.7282271ſg 


9.9277873 
9-9277079 
9 9 9276285 

9-9275490 
9-9274595 
9.9273899 
9-9273103 
9 9272306 
9.9271509 
9.92JO711 
9.9299913 
9.9269I14 
9 9268314 


| Tang. 
9-92 8420519.7957892/ 


— — <—— —— 


9:7960703 
9.7963513 
9.7966322 
9-7969130 
3.7971938 
97914745 
97971552, 


9.7988767 
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9:793831719.8937452 


Tang. 


SI artaphco-rovipen 


19.3935909 


FANGENT, 


Cmmnplement. 


9.59 39702110.1059295 
9 8933206|10.10566d g 

[0.1064091 
9-893351i110.196148g 
3.894I11410.105 8886 
9.5943715 19.1056285 
3.9946317 10.195 3683 
9.3894891810.1051082 
9 8951519 10.1048481 
9.895411910.1045881 
9.995671910.1943281 
9.895931910.1040681 


+9 
48 


om. Arithy Con,” I 
met, of Sine.| of Sine Cx 


60þ21065 80|.193469 


59 
58 
57 
56 
55 
F4 
F3 
F2 

FI 

FO 


.2194964|+1635668 
210 3348$6t436654] | 
+2101734j-F9 3764p y 
-2100120{.10386zq 


-2093508{.1049621 
.2096896'.10406; 11 
| 1241604 | 


= 

z 
, 
Gl 
l} 
q 
4 
4 
# 
Z 
[ 


.2095285 
-2093675.10425g 
-2092067.1043586 
2090459102108 
.2088852\.1 04557 
.2087246\.104656 


9.38396191810.1038083 
9.599645r710.10354833 
9.396711610.1032884 
9.896971410.1030286 
9.8972312|10.1027688 
9.58974910,10.1925090 
9.8977507 10.1 022493 
9.898010410.1019896 
9.898270010.1017300 
9.8985296'\10.1014704 
9.8987.892|110.1012108 
9.38990487,10.100951}3 
9.8993082[10.1006918 
9-8995677j110.1004323 
9.89982 71110.1001729 
9.9000865|10.0999135 
9.9003459/110.0996541 
9. 900605:110.0993948 


4702085641 e1047560 
+6-2084037.10485y | 
45[2025434.1 0008 
44 2080832.105054 | k; 
4320792 31'+105 154008 
42\.2077631 1052544 
41/.2076032\.10 5353088 
49:2074434e19545} 
39-2072837.10555F 
38.2071240\.10555 [ 
37-206964 5.105753 


- 
"Y 


G 
p 
« 


Ul 


z 
y 


33-206 3273. rob6194 N 
32/,2051683',1062548 
31 .20600931,105355 2 


39.305 8504/,106455W 


TANGENT Tan o 


Complemear. 


4] 


95 5c 


05418 


1544 
2544 
35390 
45 
Bu 


$536 k 97976208 


753 


$53, 79793419: C9II153 


953s 
054 
15 
254 
355 


455 k, 97988718 9. 9.8905026 


3 = 


07944670 
$9-7945256 
$19:7947 841 


0.7957330'9. 98925365 


h.79699309. 8917258 


SINE 
Complement. 


Sine. 


9.893 $444[9:9 


9.900605 2 


9.8934439 
9.3933433 
9,.38932426 
9.8931419 
1þ1949425 9.8930412 
#97951 008}9.8929404 
09-79525999.8928395 
þ7954171]9.8927 385 
9.795 575119-8926375 


a7 083 


9:-9008645 
I.gOII237 
9.9913830 
9.9016422 


9.9021504 
9:992419g5 
9.9926786 
9.9029376 
9. 9.9931966' 


lp-7958909/9.8 892435419-9934555 


6.79604 36'9.892 3342 
9-7962062 9,8922329 
9-7963638'9 +$92131 
(9.796527 ralg.8 892030319 


9.9037 144 
9.9039733 


619-9042321 


9044910 


.7966786/9.8 8919289 
h979683 599.8918274 


$.7971501'g. 8916242[9 
797397 119.891 5226 
Iþ7974540(9- 9.8914208 

9.8913191 
Ib:7977775/9.8912172]9 


9-9047497 
9.9050085 
9.9052672 
9055259 
9-9957345 


ESOFELY 


9:9060431 
9.9063017 
9065603 
9.9068188 
9.9970773 


TANGENT 
_Complement. 
Io. 0.0393948]3c 
0. 0991355 
t0.0988763 
0, 0986170 
lo.0g989578 
70.090 g0EmT 
19.29783965 
[0,0975805 
[0.09732 I + 
10.0970624 
10.0968034 
10.0965 445 
I0,.0962856 
I0.0950267 
[0.0957679 
I0.095yogoſly 
I0,.0952503 
1[0.0949915 
10.0947328 
10.0944741 
I0.0942I55 
10.0939569 
10.0936983 
10.0934397 
I0.0931812 


10.0929227| 5 


ſp.7980906 9.1 8910133 
þ79824709. .$9091 I 3 
y-79840349.8908092[9 
p-7985596 9.8907071 
M.79871589.8906049 


——I—_—  _ ———— __ 


SINE 


9.9973357 
9975942 
9.9078525 
9.9081109 
9.9083692 


* Sine. 


mplement. 


10, 0926643 
10:092 4059 
I0,.0921475 
I 0.091 88g1 
10.0916308|_0 


TANGENT | 


Comp'cmenr, 


wm Arith Com, Ai TY 


26.2052159 


23) 
22 
21 


16.2036362 
1 $+2034788þ 


27p2053744p1067574 
«Lo685 81 
25:2050575þ1269588 
242048992 eI070596] | 

2047410|Io71605] - 
+2045829,1072615| 
+2044249|1073625 
2042042670}. 10974635 
I 9.2041091 1075646 
18. +203951 4; 1076658 
17. -2037938,1077671 


TL O7 $68 
1079697] 


14: 2033214þ 
13203164 1|, 
22030050) 
11.202 8499 
I0.2026929]. 
520253600 Te 
$.202 3792|. 
7|.2022225 
6'.202065 g|. 
pa 
4: 20I 7530 
3. 2015 966|. 
2.2014404|. 
I! .2012842|. 
O 22011282. 


Tang. 


K k 4 


b 


Fr, 


1080711 
2032500 
1082742 

1083758 
1084774 
1085792 
10386809 

.1087828 
1088847 
.1089867 


1090887 
1091 909 
I092929 
1093951 
1294974 


| | 


SINE 


_ |Complemenc, 


| FE 


, "7930278 9. a ay 
2 -1Adop $3619. $902979P 


x4 5-7998062/0- $398877 
”- 799961619.8897850 
.800116919,88968 225 
4. $002721 9. $3895794 
[019.8 $0042 721g 5: 
1x 119. 1.8005 82 31g. 8893736 
12[19.8007372 


1 5j9.8012015 9 8889612 


IEA ___—_—  —C— 


1$ 80166491 .8886513 
I 9]9- .8019190\g, 8885479 
2019. 9.801973 51g. $884444 


— CEATY CE —— TT c— 


2 119-8021276\g 8883408 
2219. $0221, : 


2 39-3$924355 
2 419.8025894g. 
2 519-$92743 11g, 
269. 202 89687 ; 
=» oo 
2$19.8032038 
2919-©9335721g, 
39,9:8035105fp. 
4 SIN 


Combpicement, 


Tang. \TANGE NT 


Complemenr. 
10.09163 o8|6c 


. Sage] een ap 


9. -9086275/00. 0913725 

9 908885810, OJI1141 
9.9091440 10.0908560 
9-9994222110.090597d 


| . 911982410.0880176 


9-91.45 $951L0. 085 44043 


3. 2.9996603 I0.0993 397 
9. 9.9999135 I 0. o990S15 
3.910175910.03982} 

90.9194347 I0.0895653 
9 91096927 10,0893073 


9.9103597109% 0890493 


9.9112087 IO. 0387913 
9:-9114666 10.0385334 
9-9117245 10 .0882755 


9-912242310.0877597 


9.9124981 10. .0875019 
719-9127559,10-0872441 
9.913013710. 0569863 
9.913271410. 0367286 
9.913529110.0864709 


44. 
+3 
42). 
41 
49/. 198025511 1115556 


9.9137 286810 0862132 
9.-91.4944410.0856556;3 


of SineCg 


Com, EN by 


et. of Sine. 


pant 4-22 
Sues 


-200 3493p L 10009 
2001938, -T1Ot12 
.20203 $4, 1102150 
1998831. .1103178 
N_ <4 110408 


994077. Tr 
.1992628..110728 
-1991079;.1 108g 
TOS O430. 1 L09356 
.193798s5|. 1110388 
.1986439' 1111420 
1984894. 0 11245 
1983351) 111348 
1981898, 1114526 


39-1978724.7116590 
38.1977184.1117927 


9-914303010.0856980 


9-9 9149171) 

9:9150747 
poriaaes 
9.915596 
9.9158471 
9.91610945 
TANGENT 


10.034925 3i 
I0.0846678:33 


lo. 0844104 
10.0841529 


I ©, o23895513 


Complemenr, 


Tang. (50 


37 1975645. I 118665 
36. 1974106, 1119702 


71j19.00 085182935. 19732569. 112074 


3+ I971032 .112177g 
-1959496;.1122816 
32. 1967962, .1123d58 


31), 1965428), 1124590 F| 
39.196489 5/,1125939 


«»-2 00 5049] I 099071 , 


ES =1S <> 


_— 


—_ "7 
- 


+ wwe 


s Sine. 
"LIT, 


"INE" 


Complemenr. 


9. 9.8 874061 


9.9161045| 


11036637 


| | 
4 


l9.8039699 
dp.8041 22 


(9.80427 $7 


08038168! 


9.8873019 
9.8871973 
9.8570934 
9.886989 
9. 9.886884 
9. 9.8867801 
9.856675 
9.3865710 
9.8864663 


9.8863616 


9-0 54951 
4 9.8056472 


[-Þ 9-8862568 
9.8861519 
9.8860470 
9.8859420 


al 8057991 I 
; 8059510 
8061027 
8062 5 4.4 
ay "FS 5. 


jag.8065 575 


; 4 


9.8858370 
9.8857319 
.8856267 
8855215 
9.8854162 
9.885310g 


9.8852055 
9.8851000 
9.5849945 
9.884888 9j9 
9.8847832 


þ 9-8067089 
19.8068601 
9.3071626 
9.60731 36 
\g 8076154 
I9.8077662 
9.808067 5 
| SINE © 


9.884677)5 
9.884571719 
9.8844659 


CO ——— —y 


9-9163618 
9.9166192 
9.9168765 
9.9171338 
9.917 3911 


9-9176483 
9-9179055 
9.9181627 
9.91841908 
9.9186769 
9.9189340 
9-9191911 
9-9194481 
9-919705g1 
9.9199611 
9. 9202191 
9.9204760 
9.9207329 
9-9209898 


9.9215034 
9.921 7602 
9.9220170 

29222737 
9.9225304 
9. 29227871 
9-92 30437, 


9. 9233004; Io 0766996 


9.8843599% 


9-9212466 


9. 29235570, 10.07604430 


TANGENT 
| Complen cment, 


L0. 0838955 
10.0836382 
10.0833808 
[0,0831235 
000 


Io 5 7 
10.0820945 
10.5818373 
10.0815 802 
10.0813231 
10.0810660[lg 
Io.o80808g 
Ilo.080F5F1g 
I0.0852949 
Io.0800379 


30 
29/. 
28. 
27| 
26'\. 
2511957243 
24+ 
23 
22\. 
21 


I0.9797809 
[0.0795240 
10,.0792071 
10.0790102 
0.07875 34) 
10.0784966 
I0.0782398 
19.0779830 
I0.0777263 
$0.07 JR: 
10.0772129 

10.0769563 


9. $842540(9-9 9238135 10. 0761865 


9.8070114 
Z $07464 
op. 8079169 
Complement, 


Sine, 


TANGENT | 


Comp'emenr, 


Tang. |: 


K KY 


-1937456 


9..1932911 
8. 1931398 
7. 1929886 
6.1928374| 
5, 1926064]. 


9} 4192535 


3.192 3846 
2/.1922338 
I ,19208631 
_o w_t 9325 
BE: 


«1129066 
1130LI1o 


1131154 
«1132199 


19541 89þ.1133244: 


21137452 


I18|].1946570|.1138481 
17-1945049þ11395 30; 
16. 1943528|.1140580 
I5.1942008 
14.1940490 
1 3/.1938973 
12 
111935940 
101934423 


1141630 
-1 142681] 


1143733 
1144785 
.1145838 
1146891 
1147945 
.1 149000 
.1 I FOOFF 
IT511101 
T152168 


.Tx53225| 


1154283 


LEFF341 
1156401 


1157460 


I'2 


13 


5 


(] 


{2 


I } 


14 


Sine. 


 olg.L 9.8085675 9. 8842540 


SINE 


Complement. 


7 —_ —— 


I19. 80821 80 9. 8841479 
219.808368419.8840418 
3]9-508518819.8339357 


9.808669019.388382 94 


9. 9.808692 


7,9. 0091192 
8 
9198094189 
98095686 


9.8092691 


9.8097182 
0.80986 78 
9.8100172 


9.8103159 


20 
= 
22 


G3 
z5 


16 


17 
18 


i9 


24 


26 
27 
28 
z9 
39] 


9.8104650 
9.8106141 
9,8107631 
9.8109121 


26198119521 
9.8121Cc03 
9.8122484g. 
9.812 3965 
9-812 5444s. 
SINE 


Eomplemenr, 


9.81 22009 


Fig. 9.8038192 9 8537232 


9. 2836168 
9.8835104 
9.98349239 
9.9532974 
9 8831905 
9.0830841 
9.8529774 
9.532 8706 


9.8101656|g.882 763 5 


9 88265681[9 


—_  —_—— —— _—_— 


9.582 5499 
9.882 4428 


9.882335719 


IE — 


—_— —_  _—— }k—_— w_— 


— c—  — 


9. 8811534 


9.92 3813511 
9.9249701 
9.9243266 
9.9245 531 


10-0761 13865 
10,0759299 


10.0756734 
lo0.0754169 


59 
58 I916316 
el914812|. 


9.92433 96 
9.9250960 


9-92 53524109, 
3.9256088 
9.9258652 
9.9261215 
9 9263778 
9. 9266341 
9.9268904 
9.9271466 


9.927659010 
9.927g91F2 


9.92 291956 

9-9294516 
19: -92. 97076; 
519-9299635 
[ob rides + 
9-9304755 
9.9307314 
9.9309872 
9-9 312431 
9.9314989 


to. 0738785 


10.0751604 
I9.0749040 
I'o. 0746476|c4 
19.0743912 
10.0741 348 


10.07 36222 


10.9733659 
10,.0731096 


109.0728534 


|= 
49; 1902818, 
48- IG90TI322, 
47 » \1899828/. 


BY: Y | 1896841 
44 .18gg 350! 


I0.07234L0 
10. .0720848 


9.9281713110-07182 8714 3. 1393859. 1175572 

+9384274 10.071 5$726/42.1892 369. I 17664; 
9. 92868351r0. << £ 43 91 1890879, I177715 
9.928939610-071060440; 1839391 1178787 


10, 0708044/39 
I 0. hay pi 1885417, 
10.070292437.1884931/. 
I'o. 70030436 1883446]. 
Io. 0697805! 35+ I $51 962, 


"TANGENT 


Complemenr, 


Tang. (49 


) -I1 i $7469 


56-191 3310] 
.I911808þ1 


1 1158521 
IT5958: 


FlpI905811, 
| 19943I4-11680g 


10.0695245|34.1880479|. 
10. 0692686 33. 1 878997], 


10.0690128 32.1877516|, 
10.0687569,31.1876035|. 
10.0685011130. 1574556}. 


I I6915g 
I 17022 


1171294: 
9.927402810.0725972{46\1 8983341172361 


1173431 
I17450! 


pa $0973] 


1184158 


— — 


1183081] 


__— STNE ny \ANGENT| (Com, Arith-,Com. Acih, 
NNE. Complement. Tang. Complement. mer, of on br Sine Com | 


E -$1254449-8810455 9. 931498910. 10.0685011130: 1874556|1189545 


—— — RX 


+-$12692319.880937619-9317547|10-0682453[29-1973077þ1 190624 
0.812840119-880829619.9320105|10.06798g5|2 8-1871599| 1191704 
2-8129878(9.880721519 9322662[109 0677338 27, -l870122|\.1192785 
l0.8131354{2-88061 349. 9325220[10.0674780 26: I1868646|.1193 866 

l9.8132829 9. 8805052/9-5 9327777119-0672223 25j :I867171|.1 1194948 


| —_— ——— _. —_— 


69.81 34303/9-88039709-93303 34/19.9669666 24: -I86569F.1196030 
779: $135777|[9-88028879 933289010. -9667110/23- 136422 3|. -LT97IL3| 
189.81372509. 88018039. 9335446|10, -06645 5 4j22/* 18627501 I98197 
a99.813872119- 88007199. -9338003[10,0661997]21- 1861279. 1199281 
ka. 9-8140192 9-87996349-9349559110-0965944I]R0,. 1859808, 1200208 


0314166219. 8798548 9-5 934311410, 0656886119, 18583338, 1201452 
9 
2 


$143131/9-8797462'9.9345670|10.065433018-1856869|. 1202538] 
9.814460019. 87963759: 9348225110.0651775|17+ 1855400. I203625þ 
9.81 4606719. 87952879. 935078S0[10.0649220[16-1853933|.2204713 

$9.81475349-87941999-9353335[19-0646665 15-1852466-1205 801, 
619.814 3999/9-87931 109. 9.9355889|to. 0644111j14-1851001|.120689 
79-8$150464/9- 8792021 9-9358444(10. 0641556113, .1849536\.1207979/ 
2 8151928(\g. $7909309-9360998 I0,06 39002 12.1848072,, I.2 0907Aþ 
99. $153391 9.87 89840 9: 9353552[10.0636448 11184660g/.1210160 
h09.8154854\9.8788748 9-1 9366105[10.063 3895/10 Lo, 1845146\1214 252|: 
Fly. .$156315(9. 87875569. 9368659 I0.0631341 9-1843685)12 13 344) | 
$39.81 5777619.87 86563/9.9371212 10.062 8788 $. 1843224; 1213437]. : 
$39.315923519-87854709-9373765110.0526235] 7: -1 840765; +4 
49: $160694(9.87843769.9376319d10.062 3682 6/. 1839306\. f 
9.$162152/9.87832819.9378871[10.0621129| 5-1837848þ1216719] 

1 2. $16360 99. $7821$619.9381423[10.0618577] 4.1836391|,12 1751.4) 
. 816506619.8781099(9.9383975110.0616025] 3|.18 349 34|,12189gLaþ! 
2 

I 

O 


4A 816652119.$779994(9-93 $6527|10.061 3473]. 2].133 3479.12 20006|: 
$99.816797519.87788961[9.93 89079[10.0610921]. 1832025 1221104; 
0.81594: 5]9.8777799]9-939163110.9608369) o:1830571Þ1222201þ 
SINE . TANGENT : 
Complement, £7 SInC. Complcmenr. Tang. l49 


_— 


j21 


_ Sine. 


— ———__ 


9. 2-38169429 
9. 2.8170882 


9.8172334 
9.8173785 


9.8175235 
9.817668F 


60 N 


\S 


Io 
rl 
12 
T3 
4 
r F| 
16 
17 
18 


#: 
20 


9.81983 325 


7 ———_ 


9.8178133 
9.8179581 
9.8181028 
9.8182474/\9 
9.8183919 
9.8185 364 
9.8186807 
9,8188250 
3.81 89692 
9.8191133 
9.8192573 
9.8194012 


9.8195450 
9.8196887 


Complemecar. 
98777799 

9. .$776700 
9.8775601 
9-8774501 
9.5773401 
9.877300 
9.8771198 
9.87 70096 
9.876899 3 
38767889 
9.8766785 
9.8765680[).c 
9.8764574 
9.8763468 
9.8762361 
98761253 
9. 9.8760145 
9-$759036 
9-8757927 
9.8756816, 


22 


1-3 


9.39199761 
9.8201196 
9.8202630 
24/9.82 04063 
25 9.8205496 
126 9:.8206927 
2719.8208358/9.8747912 


9.8755706 


e195, Lang i] 


| I ——_—  __ _—_ _—— 


9-9391630 


9-9394182 
9-9396733 
9.93992 84 
9:-9401835 


99424385|10 
9-94059g36 
9-9409486 
9e9412036 
9-9414585 
9-9417135) 
3. 9419584 
9.64222 33 
9.94247 82 
99427331 
9-9429879 
9-9432428 
9:9434976 
9-9437524 
9-9 440072 
9-9442619 


9.87 54594 
9.875 3482 
9-8752369 
g9.8751256 
9.8750142 


9.8749027 


9:9445166 
9.9447714 
9.9450261 
9.9452 807 
9-945 $354110 


29457900 
9469447 


2819.820978819.874679519-9462993 


TANGENT 


Complement, 
10 0.0608 369 


10. 0505818 
10.0603267 
I0.060U71615 
[0.0598165F|5 
[0 0595615 
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I0.0582865 
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I0.0567572 
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[ 
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g. 
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1250972 
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- Ls - & 
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< eng ar. I -- 
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t73P 0.874344319.9470630 
p.82155009-8742325/2-9473175 
nn 62619 $741 20513. 9475720 
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'$2211959- $7378449- 9483355 
"4 $22262119.8736722 9 9485899 
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9.822 5463|9-37 34476 9-9490987 
$9.8226853/9-87333529-94935 31 


Tang. 


TANGENT 
Complement. 
IO, 05ZI9T6 
10.9529370 
[0.0526825 
19 0524280 
I0.0521735 
10.05 19190 
I0.0516645 
10.05 14I01 
I0.OFIIFF7 
0.050901? 
10 0506469 


— = 


' 
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Io.0501381 
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: 


C. 


2 $.1784500þ1257675] 


27 1753074: 1258796 
261781649, 1259915 


25:1 -I780225,. 1261035] 
24+ 1778852 


12 62156 
23-1777379; 1263278 
22-1775958. I 264401 
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20, 1773117. 1266648 


ry 17716g8. 1267773 
18-1770279, I2688g98 


2y- $229721\9-$731102'9.9498619 

9.87299769-9501162{10.0498938 
9.87288499.9503705110.0496295 
9-37277229  959624819.0493752 


_— 
8232555 
Ti 8233971 


69.8235386 
9.82 36800 
$9.8238213 
$99.8239626, 
5 09.8241037 
19.82 42448 
2g9.8$243858 
039.0245267 
ſ49.8246676 


9.87265949- 9508791510. .0491209 
g-87254669.951133410.0488666} 
9.872 4337 9.951 3876.10. 0486124 
9.87232079-951641910.0483581: 
9.972 2076999 Fogo1110.000808 
9.8720945 9.9521503 100478497, 9 
9.87198139.9524045 19.9475955 
2.87186819 952658710.0473413 
apr tb rata —_— ph — nick $4 


| 


95g.824808319. 
69.82 494909 871527919. 09534571 
7 9.8250596(9 $7141449. 9536752 
$89.825230119.87130589,95 39293 
9s. $253705/9. $71187219.9541834 
609.82551099:8710735]9-9544374 


we 46 5 TANGENT 
Sine. 


SINE 
amplemenr, omplcmenr. 


6$330 


I 9. ——_— 
0.04632 48 
10.0460707 


10,0458166| 
10. [0.045 562 6] C 


17-1 768862|.1270024] ' 


16-1707445/\1271151 
S% 1766229. 1272278 


12.1761787,1275663 
FiI-I760374.k27679; 
I0. 1758963! 1277924 

9-I757552\1279055 


$| 
4\.1750510;, HO 
1749104\.1285 356 
.1747699|.1286992 
.128812% 


3 
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Con; Acich.f 


14-1764614.127 3406 
I 3. 1763200.1274534 | 


ST 7561421280187 : 
th 1754733; P23L319]+ 
1753324; 1282450 | 
I75i917.1283 586) 
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lo 


ZI 
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Is 


Is 
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to | 
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9.8259314 
9.8260715 
9.8262114 


9.8263512 
9:8264910 
9.8265307 
9.8267703 
9.8269098 
9.827049} 


9.8274671 


9.8277453 
9.8278843 
9.82 80231 
9.8381619 
9.82 83006 
9.9234393 
9.8285778 
9.8287163 
3.82 88547 
9.8289930 
9:8291312 


2919.3295454 
* 139/9.8296833 


9.8292694 
9.8294075 


9.8686700 
9.8685548 
9.8684396 
9.8683142 
9.86$82088 
9.8680934 
985797799 9612915 
9-867862 3/9.9615452 
9.8677466|19.9617988 
9.8676309'9.9620525 


SINE | I d- 
Complement, ang. 


9:82551099-3710735 
9:8256512/19-38709597 
9.3257913/9-38708458 
9.870731L9 
9.5706179 
9:3795039 
9.87033898 
9.8702756 
9.870I613 
9.8700470 
9.8699326 
9.8698182 
9.82718879.8697037 
9.8273279'9-8695891 
9.8694744 
9:0693597 
9.8692449 
9.8691 301 
9-8690I52 
9.8689002 


9:95 44374 
9.954695 
9:9549455 
9.9551995 
9-9554535 
2:9537275 


9-9559g6I5 
995621 54 
9.9564694 
9:9557233 
9-9569772 
9.9572311 
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9.9577389 
9.9579927 
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9-95387542 
94959008 

99592618 
9.9595155 
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10.0430228 
10.04276Bg 
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£0,0430073/42, 

paring tio ogny ret 
I2.0414996{44 1722 547þ 
10.0412458 


TANGENT © 


Complement, 
10.04556 26 


— 


10.0453085 


19.9450545 
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I9.9445465 


19.0442925 
10.0440385 
I0.04 37846 
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37 
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FS 
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$3, 
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10.0409920 


9-9597693 
9.96002 30 
9.9602767 
9.9605305 


SINE 


Complement. 


Sine. 


9.607842 
9.9610378 


TANGENT 
Complement. 


10.0397233 
I0-03946g5 


dig} LF hl 


10.0389622 
19,0387085 
10.0384548 
10.0382012 
I10.0379475 


51 
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45 
43 


43 


39 
38 
37 
36] 
35 
34 
33 
32 
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"2 


Tang. 
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42) 
10.0407382{41 | 
romgagnes tet 7rcogget)! 
10.0402307 
10,.0399770 


eI72 F329 . 
1733937þ53 


1721157 


.1715607þ 
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1712837þ 
171145 3þ 
.1710070f 
1708688]. 
.1707306þ 
170592 5Fþ 
.1704546| 


7031671323961 
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-I7350g0| 
1733693þ 
1732297] 
27 Joyourts 
-I729507þ 
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.1718381| 


I 321377 
1322534 


SINE - ArahCom: Arih/ 
Complemenc. i ac-fol Sine Com? 


309.8 9.867620919. FS 10.0379475 30.1 793167]. 1733691 
119-8298212[9.8675151/9.9623061[10-0376939|29. 1701788|.1324849 
$29-32 995 8919-857 3992]9.9625597[10.0374403|2 8-1700411|. 1326008] 
z9-$300966/9-867283 3/9. 9628133[10.0371867[27-1699034.. 1327167 
| $302 342[9-8671673[9 ED .0369331]26þ16g97558|.1328327 
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9:-38669351 9.9635740 Io, 0364260 24* 1694909.1330649 
379: 830646419. $6681899. 9638275|10.0361t725|23\1693536. 133180 
389. .830783719. $667026999640811 I0,0359189|22 -I692 2163. 1332974] * 
399 .$83092091\9. 86658639. 9643346 [0.03566F54|2t «+ 169079]. 1334137 , 
499.8310580/9. 86646999. 9.9645881]10.0354t19 20. 300430! 133530L 
9.831195019. 86635349. 9648416110.0351584 TH 1588050.1: 336466 
9:3831 3320/9.-86623699.9650951110.0349949 18: 1686680/. 1337631 
0831468819 9.8661202 9.9653486/10, .0346514ſ1 7. 1685 ZI2. 1338799]. 
449. 831605619. 86600369. 9656020,10.0343980 6+ 1683944. 133996 
59.8317422/9- 65 $260'y. .9658555119-0341445|t5-1682577 +I 3417 32 
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19.832015519. 8656531 9. 966362 3j10.0336377[1 ST 1679845; I34346g 
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39. 832833119.8649504 9. 967 882710. 0321173 7. 1671669.1350496 
49. .$32969199: $6483319.958136010.03186.40| 56. 1670309.135I66g 
9.83310 50(9.8 86471569.5 9683893119.0316107 16629505 FE : 


ati. Aliras <ns cet 


$69.8 $332408(9:8 8645981 9. -9636427/T0. .0313573| 4\-16567592| .135401rg] 


89.8335122/9:8643629/9.9591493}10.0308507| 2].166487$|.1356371| 
þ99.83364>819.8642452[9.9694025[10.0305974| 116635221357548 
.$64127519.9696559[10.0303441 _Oþ1662167|.1 358725 
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[2 8 
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o|3-$337833]9 
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| 319-83418949- 8637737 
98343246 
$19-3344597 
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9.86I5190 
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9-9714205 
99716818 
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OO — — — 
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9.8606821 
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TANGENT 
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10, 0,0303441 
[0, 0300909 
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'[ 372912 
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I 37 536g 
1376474 
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9. .8 851419. 9815501 
$4619599 $53:925h 9818030 
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I5- -1601996-I41243 
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1420221 
1429439 
143065] 


7'% 
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Tang. 


| Tang. Complement, | 
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9.843465 519-35 53421 
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10.0121294/48.1566644|. 
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9.9901453 
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9.8447601|9-8541093[9-9906508 
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26 
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27 
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9.85 31179 
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9-8528693 
op 0327449) 
9. 285262049. .9936832/10. 
9.-35249599-9939359 
9.852371319-9941886 
9.8522466 949944413 
9. 852121899. +9946940 
9. 9-051 99709-S 9949466 


9. 85187219: :9951993 
9-85174719.9954520 
9-85162209-9957047 
9. 85149699. 9959573 
9-85137179-9962100 


9.8512463/9. 9964627 
9-851121119.9967154 
9. 85099579. :9969680 


10. 0075803 
10.0073276/2 
I0:0070749]2 
10 0068222[2 
I0,0065695 
10.0063168 
IO, 0060641 
0.005811 
10,0055 587 
I0,005 3060 
10.00505 34 
10.0048007 
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I0,0042953 
1$0.0040427 
I0,0037900 
I0.0035373 
10,0032846 
I0,0030320 
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I0.0022740 
I10,0020213 
T0. 0017686 
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10,0012633 
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es 18464318 
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#9-5477091 
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2322 


o.$460471 
5 .$466879 
7 8471991 

9-847 3267 
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$479637 

99.848090g 
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49.8487257 
ſ9.3488524 
99.8493586 
9.849485 0 


9.85061909.9977260,10 
9.850241 719. 993848340! 
2.849 85 3719-9992420 
9.84948 5c10.0000000 


h49.846175 
| kco-846 3036) 
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9.8474543 
9.8475817 
ly. 8433450 
9, 8484720 
69.8489791 
19-3491057 
.SINE 
Complemenr. 


Ki Sine. 


9.850870219.9972207 
9.385074469-9974734 
9.8590493319. -9979787, 
9.850367519.9932314 
9.850Il5719. 9987367) 
9.849989719 9989893 
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| TANGENT 
IComplementr. 


I 0.@010107 
I0.0007580 
10,000505 3 
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.r508943 
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I511I476, 


I 506414|, 
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_SSSASSHASL-:SSALAIANS = 
- The Names of ſuch Books 4s are Printed and Sold by George 
Hurlock, at $t. Magnus Church-corner, | 


Eamans Kalendar. 
Sg The Art of Navigation, by Martia Curti, 
Safeguard of Saylors, or Great Rutter , by Rs, Normas. 
Petiſcuws his Dofrine of Triangles with Canons, s 
Norwoed's Epitomyg applied to Plain and Mercator's Sayling, with New Ad. 
ditions this Impreſlicn, 1667. Namely, A Table of the Rifing and Set- 


ting of the Sun for all Latitudes : Alſo, A Table for the Suns Amplitude for all | 


Laritudes. 

Norwood's Seamans Praftice , containing a fundamental Prublem in Navi- 
Lation, experimentally verified. : 

Dary's deſcription and uſe of a Univerſal Quadrant, 

Seamans Di&iorary, or the Expoſition and Demonſtration of all the parts and 
things belonging to a Ship : together with an Explanation of all the Terms and 


Phrafes uſed in the praique part of Navigation, by Sir Heary Manwayring + 


With an addition of working a Ship in all Winds and Weather, and managing 

a Man of Warr in Fight. 

There is lately printed in a portable Volume, exaCt Tables of Natural and Ar- 
tificial Sines, T: ts, Secarts, and Logarithms, and an 1z{itution Mathemati- 

- cad, containing their Conftruſtion and Uſe, in the Solution of all Triangles Plain' 


arid Spherical > and the Application thereof in Aſtronomy, Dyalling, and Na- 
vigation, | 
FSeamans Glaſs, ſhewing the uſe of the Plain Scale in Aſtronomy and Navi- | 


on. 
5 Ihe Compleat Cannoneer, ſhewing the Principles and Grounds of the Art of 
Gynnery, as alſo ſerviceable Fire-works for Sea and Land, 
The adyancement of the Art of Navigation, or Seamans Cannon of Triangles, 
ſhewing by a new Cannon of Sines, Tangents, and Secants, how to reſolve all 
+ Caſes of right lined Triangles, only b Tar into the Tables, without any Cal- 
culation. Particularly applied to all the three kinds of Sayling, viz. by the Plain 
Chart, Mercato!”s Chart, b;, a Great Circle ; and to the Art of Surveying. 

The Compleat Modeliſt, ſhewing the true and exa& way of raiſing the Model 
, of any Ship cr Veſlel : Alſo the manner how to find the leugth of every Rope tu 
each Veſlel, by Tbo. Miller, And alſo for Anchors and Cables. 

The Complete Shipwright, Plainly and Demonſtratively teaching the Proporti- 
ons uſed by e:pcrienced Shupwrights, according to their Cuſtom of Building ; 
both Geometrically and Arithumetically. performed : To. which is added certain 
Propoſitions.in Geometry, the uſe of a Diogenal Scale to draw a Draught , with 
the making, graduating, or marking of a Bend of Moulds , and ordering of the 
| ſame. The Extraftion of the Square Root, with a Table "of Squares alſo, A 
way of Rowing of Ships, by heaving at .the Capſtane, uſeful in any Ship be- 
calm'd,with other things uſeful in that Art, by Edmund Buſhnek Shipwright, _ 
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